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CHAPTER 1. INTRODUCTION 


Every year, thousands of miles of roads are closed or severely restricted to 
heavy traffic due to structural weakness during spring thaw. Spring thaw, as the 
period is known, varies in length depending on the severity of the winter. As 
thawing occurs, pavements become weak due to the high moisture content in the 
underlying base course and subgrade. In extreme cases, the base course and 
subgrade can become completely saturated and so weak that less than a 
hundred passes of an 18,000 pound axle will cause the pavement to fail. Most 
pavements with high traffic volumes in areas where roads are subject to freezing 
are designed to resist the effects of spring thaw. For example some agencies 
construct pavements where the depth of the pavement structure built of non-frost 
susceptible materials (Such as a crushed stone base) Is at least half the 
expected depth of freeze. This type of construction can be expensive when it is 
considered that the depth of freeze can be over five (5) feet. Other methods 
used to resist the weakening caused by spring thaw usually increase 
construction costs. 


To reduce damage during spring thaw, some road departments place load 
restrictions on vehicles. These load restrictions are often as much as a 60 
percent reduction of normal loads (1). Even with these load restrictions, large 
sums of money are still spent each year repairing damage caused during spring 
thaw. 


Although the load restrictions do reduce pavement damage and save pavement 
maintenance and repair costs, these restrictions cause considerable economic 
impacts. Load restrictions are placed mostly on low volume roads which have 
not been designed nor constructed to resist the effects of spring thaw. These 
load restrictions can prevent transportation of goods by heavy vehicles, typically 
tractor-semi trailers. In many cases, companies may have to completely stop 
some or all of their operations during this period. This results in economic 
losses to employees, companies, state and local governments. Examples of 
industries that are affected include: 


Logging companies 
: Dairy processors 
° Heavy transportation companies operating in rural areas. 


Essentially any type of business that relies on the use of heavy trucks in its 
operation can be adversely effected when load restrictions are placed on roads 
due to weakened pavement. 


In this paper the results of a theoretical investigation of the effects of lower tire 
pressure on roads in a severely weakened condition, such as is found during 
spring thaw. With the recent technological development of Central Tire Inflation 





(CTI) in the trucking industry, trucks may be able to operate on roads subject to 
load restrictions. CTI would allow trucks to operate at lower tire pressures on 
load restricted roads and then easily increase tire pressure from inside the truck 
cab when the truck transfers to a road not subject to load restrictions. 


The second chapter reviews the results of previous studies about the effects of 
tire pressure, axle loads, and tire type on pavement structures. These studies 
found that tire pressure only had benefits on thin flexible pavements (less than 
four inches of asphalt concrete) or aggregate surfaced roads which are typical 
for low volume roads. These studies also found that axle loads played the 
largest role in reducing stress and strains in flexible pavements. Also in Chapter 
2 is areview of the methods and results of three "AASHO type" closed loop road 
tests and a field test conducted by the Department of Agriculture, U.S. Forest 
Service on CTI applications. 


In Chapter 3, the failure criterion used in this study are discussed. A computer 
software program designed to calculate strains in multi-layer systems called 
ELYSM5 was used to determine strains at the bottom of the asphalt layer and 
top of subgrade. The strains were used to calculate load repetitions to failure for 
fatigue and rutting using formulas developed by the Asphalt Institute. Strains 
and load repetitions to failure were determined for multiple pavement sections, 
subject to various loads, tire pressures, axle configurations and pavement 
strengths. 


Chapter 4 is used to examine the effects of reduced tire load and tire pressure 
on the increases in the number of load repetitions to failure for rutting and 
fatigue. By comparing the overall effects on each pavement section, the amount 
of influence tire pressure and tire load reduction have in relation to pavement 
thickness will be seen. Also the general effects of tire pressure reduction and 
tire load reduction by themselves and together are evaluated. Finally 
recommendations on how the results of this study can be used are discussed. 





CHAPTER 2: LITERATURE REVIEW 
2.1. Introduction 


The number of references on the effects of tire pressure on pavement 
performance is limited. The study of the effects of tire pressure on pavement 
performance is a recent item of interest as very few articles were over 10 years 
old. The most common pavement material investigated quantitatively was 
asphalt concrete. How well asphalt concrete pavement performed was found to 
be a function of several parameters. These parameters were tire pressure, axle 
loads, axle configurations, tire tyoes and pavement material properties. No 
information specifically addressing the effects of lower tire pressure on severely 
weak pavements was found. 


The results of two "AASHO type" road tests and one field study conducted by the 
U.S. Department of Agriculture, Forest Service on the effects of Central Tire 
Inflation (CTI) provided excellent information about the effect of lower tire 
pressure on weaker road surfaces such as thin asphalt concrete, crushed 
aggregate and native soil. However none of the studies took measurements of 
actual strains. 


2.2. Pavement Failure Properties 


2.2.1. Pavement Failure Modes 


To properly analyze the effects of lower tire pressures on weakened pavements, 
such as is found during spring thaw, an understanding of the failure mechanisms 
for asphalt concrete and aggregate roads is needed. Field testing has shown 
that asphalt concrete pavements fail in one of two different modes; fatigue, 
which shows as excessive alligator cracking; and rutting which shows as 
permanent vertical deformations along the wheel path (2). In one study by 
Marshek on asphalt concrete pavements, the tensile strain at the bottom of the 
asphalt concrete and the compressive strain at the top of the subgrade were 
studied because they were known to be critical to predicting fatigue and rutting 
failure respectively (3). All of the Forest Service studies used rutting as the 
primary failure criteria for aggregate surfaced roads, although, the phenomena 
known as “washboarding” was used also when it was severe enough to 
significantly restrict travel speeds. 


2.2.1.1. Fatigue Failure 


As mentioned earlier, fatigue failure is primarily a result of excess tensile strain 
at the bottom of the asphalt concrete. No matter whether laboratory testing or 
theoretical analysis was used, the idea of relating tensile strain at the bottom of 
the asphalt layer to the number of load repetitions to failure was adopted by 





most researchers. Therefore, if an asphalt concrete pavement is to resist fatigue 
damage, the tensile strains in the pavement structure must be kept low (4). 


The amount of fatigue cracking and hence pavement life was found to be a 
function of several factors. These factors included tire pressure, the stiffness of 
the asphalt concrete and base layer (4). The influence of these factors is 
discussed later in this Chapter. 


2.2.1.2. Rutting Failure 


Like tensile strain at the bottom of the asphalt concrete layer, there is a 
correlation between the vertical compressive strain and the number of load 
repetitions to failure for pavement rutting (2). Although it is nearly universally 
accepted that the tensile strain at the bottom of the asphalt concrete surface is 
directly linked to fatigue failure, researchers are not in total agreement at which 
point vertical compressive strains are more indicative of rutting failure. Most 
studies have found that the vertical compressive strain at the top of the 
subgrade to be the best indicator of rutting failure. Marshek found that 70 to 95 
percent of the vertical compressive strain is found in the subgrade layer and 
therefore, the vertical compressive strain at the top of the subgrade is of most 
interest in predicting rutting failure. It was their conclusion that these vertical 
compressive strains, particularly those in the subgrade, are responsible for 
rutting failure (3). 


Other field and research studies have concluded that the rutting in the crushed 
aggregate base course contributes significantly to overall rutting of flexible 
pavements. For example, the Probabilistic Distress Models for Asphalt 
Pavements (PDMAP) study concluded vertical compressive stress of the asphalt 
concrete/base layer interface was a significant variable in the development of 
surface rutting. The PDMAP study concluded that the most significant 
correlation's were obtained with vertical deflection at the surface of the 
pavement, followed by vertical compressive stress at the interface with asphalt 
concrete and base layer. However this study did not measure the vertical 
compressive strains at the top of the subgrade and therefore the study did not 
compare the correlation of vertical compressive strain at the top of the subgrade 
to the development of surface rutting. (13) 


2.2.2. Causes of Weakened Pavements 


All pavements eventually fail, no matter how they are constructed. The rate at 
which they fail is a function of several factors which include material properties, 
pavement structural thickness, the environment in which they are built and traffic 
loading. When designing a pavement section, the designer will usually consider 
several specific factors which include: 





e Expected pavement life (20 years for most roads and up to 40 years for major 
highways). 

e Expected number of Equivalent Single Axle Loads (ESAL) during the design 
life. 

e Material properties. The most important is the stiffness of each material 
layer. 


After the pavement is constructed, it is anticipated that with proper maintenance 
the pavement will perform for the expected life span. Sometimes the pavement 
fails much earlier than expected. If the cause of the early failure can not be 
attributed to an unexpected increase in traffic loading or improper construction, 
then it is usually can be attributed to weakening of the pavement structure. This 
usually means a decrease in the strength or stiffness of one or all of the 
materials used to build the pavement. 


One of the most common causes of weakening of a pavement section is excess 
moisture content in the base course or subgrade. As the moisture content of 
these materials exceeds its optimum, the material looses density and becomes 
weaker. In the case of paved roads, the most common reason for excess 
moisture content is the thawing of the pavement section in the spring. During 
this time water that was drawn to the upper layers of the pavement during 
freezing and the formation of ice lenses, can not drain through the frozen layers 
below it. 


The severity of the weakening can be quite dramatic. One study done in eastern 
Washington used a falling weight deflectometer to measure insitu pavement 
resilient modulus. Base course values ranged from 80,000 to 22,000 psi in the 
summer and 30,000 to 13,000 during spring thaw. Subgrade resilient modulus 
values were from 20,000 to 8,500 psi during the summer and 15,000 to 5,000 
during spring thaw (1). These low moduli are typical of those that occur during 
spring thaw and can result in either the placement of load restrictions by road 
agencies or the premature failure of the road structure if load restrictions are not 
placed. 


2.3. Mechanics of Asphalt Concrete Pavement Response 


2.3.1. Introduction: 


How well an asphalt concrete pavement performs Is directly related to how it 
responds to the factors that effect it. The essential factors are tire contact 
pressures, tire inflation pressures, axle loads, axle configuration, tire type, and 
pavement material properties. The two key elements included in each study 
reviewed were tire pressure and axle load. With the exception of axle load, all 
the essential factors sometimes did or did not influence asphalt pavement 
performance with regard to either fatigue or rutting failure depending on the 





values of the other variables. The interaction of these factors is addressed tn 
the following paragraphs. 


2.3.2. Tire Contact Pressure: 


Tire contact pressure is the actual pressure measured where the tire contacts 
the pavement surface. Three assumptions are usually made about tire contact 
pressure in most pavement response studies: it is uniform, it acts on the circular 
area, and is equal to the tire inflation pressure. This simplified theoretical 
analysis is believed to be of sufficient accuracy for design work. However, 
premature failure of some pavements designed using criteria developed from 
studies using these assumptions could be caused by an underestimation of the 
strains and stresses due to truck tire loading tn those studies (5). 


The correlation between inflation pressure and actual contact pressure Is one 
area of tire performance that is not well understood. Due to the many different 
types of tires and their construction, a reliable model has not been developed to 
predict actual tire contact pressure. Analytical studies of truck tires show that 
the contact pressure can be two times the inflation pressure where the tire 
contacts the road surface. A study by Roberts found that for inflation pressures 
of 7/5 and 125 psi, resulted in peak contact pressures of about 150 and 220 psi 
respectively (5). The scope of the study was expanded when it was found that 
the basic assumption that tire/pavement contact pressure is equal to the tire 
inflation pressure was in error. Roberts did find that at a constant tire load, the 
tire contact pressure becomes more uniform at lower tire pressures(5). 
Marshek, in another study, used experimentally obtained tire contact pressure 
distributions as input to an computer analysis program (6). 


2.3.3. Tire Pressure, Axle Loads and Axle Configuration 
2.3.3.1. Tire Pressure 


How much tire pressure effects pavement performance with regards to fatigue 
and rutting failure depends generally on two pavement properties: pavement 
thickness and stiffness of the base and subgrade layers. 


2.3.3.1(a). Pavement thickness 


In the studies reviewed, asphalt pavement thickness ranged from 1 to 10 inches. 
With regard to fatigue failure, wnen the asphalt concrete pavement thickness is 
in excess of 4 in. the effects of tire pressure on tensile strains were found to be 
relatively minor. Roberts found that for asphalt concrete pavement thickness 4 
in. or greater, the effect of tire inflation pressure on tensile strain was less than 
10 percent (5), while Sebaaly reached the same conclusion noting that “the 
effect of inflation pressure was as low as 1 percent for asphalt layers with 





thicknesses of 4,6, and 8 in.” Sebaaly also found that the effect of tire inflation 
pressure was greatest for asphalt concrete pavement 2 in. thick (4). 


2.3.3.1(b). Stiffness of Base and Subgrade 


The stiffness of the base course has been found to have an effect on the amount 
of influence tire inflation pressure had on strains. Roberts showed that 
increasing tire inflation pressure from 75 to 125 psi produced a range of 20 to 30 
percent increase in the tensile strain for a 1-inch surface. This was supported 
by an analytical study’s results which found an approximate 35 percent increase 
in tensile strain by increasing the inflation pressure from 75 to 110 psi. for the 
same thickness (3). The reason for the range of a 20 to 30 percent increase in 
tensile strains in the Roberts study was determined to be a function of the base 
course stiffness. The stiffest base course (elastic modulus equal to 60,000 psi) 
caused a 30 percent increase in tensile strain at the bottom of asphalt while the 
least stiff (elastic modulus equal to 20,000 psi) caused the lower increase of 20 
percent. However, the range of base course stiffness used in the study (elastic 
modulus equal to 20,000 to 60,000 psi) were relatively stiff compared to values 
found during spring thaw (1),(4). No studies analyzing the effects of weak bases 
and tire inflation pressure on pavement strains were found. 


The effect of tire pressure on rutting failure, which is a function of compressive 
strain is minimal in the cases studied. Marshek reported that increasing tire 
inflation pressure from 75 to 110 psi in asphalt pavements 2 to 4 inches thick, 
produced only a small increase in the compressive strains at the top of subgrade 
for the cases modeled. Therefore, they concluded that tire inflation pressure 
was an insignificant factor in causing subgrade rutting (6). However, this study 
only examined the effects of a single tire load, thereby omitting the effects of 
multiple tire loads. 


2.3.3.2. Axle Loads 


In the studies reviewed, axle load was found to be directly related to both fatigue 
and rutting failure. Marshek found that increasing axle loads directly resulted in 
increases in both horizontal tensile strain and horizontal shear strain in the 
asphalt surface course. In that study, Marshek concluded that of all the factors 
studied related to fatigue failure, axle load was the primary factor causing fatigue 
failure (3). 


Axle load was found in several studies to be directly related to vertical 
compressive strain. Sebaaly observed that the effect of the axle load on the 
compressive strains in the subgrade was relatively uniform for all asphalt 
concrete surface thicknesses. Any increase in the axle load increased the 
maximum compressive strain by a proportional amount, regardless of asphalt 
concrete thickness. Sebaaly noted that a 20 percent increase in axle load 





produced approximately a 20 percent increase in the critical subgrade 
compressive strain for the 2 to 10 in. thickness of asphalt concrete used in the 
Study (3). 


2.3.3.3. Axle Configuration 


Axle configuration was found to play a minor role in pavement performance. 
Only a study by Sebaaly addressed this factor (2). The study found that tandem 
axles produce lower tensile strains but higher compressive stresses (vertical 
compressive strains not reported) than single axles under the same per-axle 
load. For example a load of 17,600 Ibs. on a single axle (total load 17,600 Ibs) 
produced a horizontal tensile strain of 145 micro strains at the bottom of the 
asphalt layer, while a load of 17,200 Ibs/axle on a tandem axle (total load 34,400 
lbs) produced only 133 micro strains. Compress stress for the same loading 
conditions were found to be 4.2 psi for the single axle and 6.9 for the tandem 
axle. The reason for lower tensile strains under a tandem axle than single axle 
is explained by the pavement tensile strain response. When the pavement 
structure is subject to a tandem-axle load, the axle on top of the point of interest 
produces horizontal tensile strains while the axle 50 in. away produces 
horizontal compressive strain. Therefore, a portion of the tensile strain is 
canceled by the compressive strain. In the case of the single-axle configuration, 
the point of interest is only subjected to tensile strain, and no canceling effect 
occurs. Therefore, if we compare tandem-axles with single-axles on the basis of 
similar per-axie load level, the passage of one tandem axle produces Jess 
fatigue than the passage of two single axles. Because tandem axles do not 
have any canceling effects under compression, they produce higher 
compressive strains than single axles on an equal per axle load (2). 


2.3.3.4. Summary 


In summary, tire pressure only played a significant role in pavement fatigue 
performance if the asphalt concrete thicknesses were less than four inches. 
Axle configuration’s effect on tensile strain was minor, but was evident 
regardless of asphalt thickness. Changes in tire pressure were found to have 
little or no effect on pavement compressive strains regardless of the pavement 
thickness. The predominant factor found affecting pavement performance with 
regard to both fatigue and rutting failure was axle load. 


2.3.4. Federal Highway Administration Study (7) 


In 1987, the Federal Highway Administration (FHWA) conducted a study at its 
Turner-Fairbank Highway Research Center in McLean, Virginia. Using the 
Accelerated Loading Facility test machine the FHWA investigated the effects of 
tire pressure on flexible pavements. The first part of the two part study 





measured actual surface deflections and strains for different combinations of 
loads and tire pressure using inplace monitoring equipment. The second part 
evaluated the extent of rutting and fatigue cracking on two pavement test 
sections using the same load but different tire pressures after 100,000, 200,000, 
300,000, 400,000 500,000 and 600,000 passes of a simulated load.. 


Both parts of the study used the same two pavement sections. Lane 1 consisted 
of a 2 in. asphalt concrete wearing course, a 3 in. asphalt concrete binder and 5 
in. of crushed aggregate base over native subgrade. Lane 2 used a 2 in. asphalt 
wearing course, a 5 in. asphalt concrete binder and 12 in. of crushed aggregate 
base. 


Part one of the study used insitu strain gauges to measure actual pavement 
surface strains and the strains at the bottom of the asphalt. Strains at the base- 
subgrade interface were not measured. Total loads of 9,400, 14,100 and 19,000 
lb. were applied on dual tires at tire pressures of 76 psi, 108 psi, and 140 psi. 
Two different tire types, bias-ply and radial, were used in the study. Table 1 lists 
pavement material properties. 


Table 1 
Average Pavement Material Properties 





| Pavement Composite* | Pavement Composite* | 
| Thickness Moduli ' Thickness Moduli 
|__bayer | _Test22 Test22 | Test2-3 Test23 | 
| ~ Asphalt | 
| _ Concrete _ | 6.8 inches 41,500 psi 7.3 inches 49,400 psi 
Base | 11.2 inches 12,000 psi 11.8 inches 15,400 psi 
| Subgrade | - 7,000psi =- ~_—s8, 0D ppsi_ 


*Composite Modull is the effective stiffness found for the entire pavement 
structure taken as a whole, not the stiffness for that particular layer alone. 


From the data in part one, it was concluded that the effects of tire pressure on 
the tensile strain was very small. The range of increased tensile strain 
measurements for a constant tire load and increased tire pressures was from 2 
to 10 percent. Note that the asphalt thicknesses in the first part of the study 
were 5 and / inches, therefore the conclusions reached about the effects of tire 
pressure were consistent with the findings of other studies, in that tire pressure 
does not significantly effect tensile strains on asphalt concrete pavement over 4 
In. thick. 


The second conclusion reached from the first part of the study was that axle load 
played a significant role in the magnitude of the tensile strains. In this study , 
increasing the load from 9,400 Ib. to 19,000 Ib. resulted in an increase of 200 to 
400 percent in the measured tensile strain at the bottom of the asphalt concrete. 





The study did not reach any conclusion about the effect of tire type (bias-ply 
verses radial) due to differences in pavement temperatures at the times the tests 
were conducted. The temperature was from 6° to 10°F higher during the bias-ply 
tests than the radial tire tests. This temperature difference was found in the 
laboratory to result in a 100,000 psi decrease in the resilient modulus for the 
asphalt layer making any comparisons suspect. 


The second part of the study simulated actual traffic using the Accelerated 
Loading Facility at the FHWA’s Pavement Testing Facility (PTF). Each part of 
phase two of the test was conducted during different times of the year. Radial 
Tires were tested in part one from January to June, and bias ply tires were 
tested from July to December. This part of the study was designed to measure 
the effects of tire pressure on fatigue cracking and rutting. Table 2 was taken 
from Figures 8 and 9 of the study. 


Table 2 
Results of ALF Tests 


Rut Depth Total Rut Depth Total 
Number of | (in.) Test Cracking | Number of | (in.) Test Cracking 
Passes 2-2 Test 2-2 Passes 2-3 Test 2-3 


moo e235 | 0 | 90,000 | oo2 | oOo | 
125,000 [| 038 | oO | 150,000 | 006 | O 
425,000 
550,000 | 090 | 340 | 400,000 | 045 | 15 
Note: Test 2-2 tire pressure = 140 psi 

Test 2-3 tire pressure = 100 psi 















The results tend to indicate that lower tire pressure does increase pavement life 
for both fatigue and rutting. Unfortunately variables such as asphalt concrete 
and base thickness, and asphalt temperature during the testing of the two 
sections were varied enough that their influence on the results could not be 
ignored. It was recommended that in future tests, the loads be alternated every 
two weeks to factor out the environmental effects. 


2.3.5. Tire Type 


Although not included in analytical studies, the type of tire used does play a 
small role in pavement performance. One study by Sebaaly compared the 
effects of four different types of tires on pavement response (2). In the study, 
insitu measurements of horizontal tensile strains were taken when the pavement 
was subjected to identical axle loads of 17,600 Ib. on single axle, 21,600 Ib. ona 
single axle, 17,400 Ib./axle on a tandem axle and 14,700 Ib./axle on a tandem 
axle. The tensile strain was measured for each tire type which included dual 





tires, 11R22.5 inflated to 105 psi and 120 psi, 245/75R22.5 dual tires at 120 psi, 
385/65R22.5 single tire at 120 psi, and 425/65R22.5 single tire at 120 psi. 
Passes were made at a speed of 40 mph. Sebaaly converted the strain 
measurements made to Load Equivalency Factors (LEF). Comparing the 
changes in the LEF Sebaaly, concluded that: 


e Tire type has a significant effect on the Load Equivalency Factor of an 
axle load and configuration. 

e Single wide-base tires have LEFs 1.5 to 1.7 times higher than dual tires 
for any given pavement thickness for both fatigue and rutting. 

e The effect of tire type on the LEF was uniform throughout the range of 
asphalt thicknesses used in the study. 


2.4. Results of Central Tire Inflation Studies 
2.4.1. Introduction: 


The U.S. Army found that lowering tire pressures on low speed, unpaved roads 
had several potential benefits (8): 


e Reduced road maintenance requirements 
e Reduced road surfacing requirements. 

e Reduced drive fatigue and injury. 

e Reduced vehicle operation costs 

e Increased vehicle mobility 


Although preliminary studies convinced the Army to equip their 5-ton trucks 
(gross vehicle weight) with CTI systems for mobility purposes, no sufficient 
quantification of the other benefits had been accomplished. 


The first four potential benefits identified by the U.S. Army were of particular 
interest to the Department of Agriculture, U.S. Forest Service. The Forest 
service conducted a proof-of-concept study. Observations made during the 
proof-of-concept study done on aggregate surfaced roads indicated that high- 
pressure tires caused faster road surface deterioration than low pressure tires 
including washboarding. In fact, the low-pressure tires caused no perceptible 
road damage and made significant improvements in the condition of the road (9). 
Based on the results of the proof-of-concept study, the Forest Service had two 
closed loop course studies done, one at the Nevada Automotive Test Center and 
the other at the U.S. Army's Waterways Experiment Station. In conjunction with 
the studies, the Forest Service also conducted field tests in Boise, Idaho, 
Alabama and Oklahoma. 








Section | Deseription a 
g “5 Flat “S” curve, 90 foot radius (gravel) 


2.4.2. Nevada Automotive Test Center Study (10) 


This study was requested by the Department of Agriculture, Forest Service to 
quantify the effect of lower tire pressure on tire and truck performance. The 
study also provided much information on roadway performance. The test was 
conducted over a closed loop track with several types of road surfaces. Track 
sections included paved highway, unpaved washboarded roads, logging roads 
with potholes and severe rock sections. Table 3 lists the various sections used. 


Table 3 
Pavement Test Sections 
Nevada Automotive Test Center Study 


ee 


| Outslope st curve, 90 foot radius (gravel) 
3 ae Potholes - 25 @ 4 foot spacing per lane 
| | Curve 200 foot radius (gravel) 
5 Rocks - 25 @ 4 foot spacing per lane 
6%, | Round Aggregate, 4-inch radius 
ileal _ Washboard (gravel) 
8 "Double penetration chip seal (straight) 
oo | Double penetration chip seal (curved) | 
10 = Type Il asphalt concrete (curve, 200 foot radius) | 
ea! Type II asphalt concrete (straight) | 
12 | Severe rock course. 4-6 in. height, 2.25 square inch contact area 


a 7 SoS 2 eS 2 a rt 








The track was driven over by two logging trucks which were able to simulate 
actual off road driving conditions. Each truck operated in its own lane and tire 
inflation pressure was determined by sidewall deflection rather than actual tire 
pressure. Low pressure tires had 20-22% sidewall deflection, while high 
pressure tires had 10-12% sidewall deflection (corresponding tire pressures 
were listed in the report). The truck with low tire pressure was driven 2,681 
miles and the truck with high tire pressure was driven 2,676 miles. 


From the proof-of-concept study, it appeared that the larger tire foot print 
achieved with lower tire pressure would result in reduced road construction, 
surfacing and maintenance costs. This hypothesis was confirmed by this study. 
After completion of over 2600 vehicle miles in each lane, the road maintenance 
material requirements were significantly lower in the low pressure lane as shown 
in Table 4 below. Material requirements were not broken out by test section. 





Table 4 
Material Required to Repair Roads After of 2,600 Miles of Testing. 


High Pressure Tire Lanes = Low Pressure Tire Lanes 





+ ee. ae 


Approximately nine yards Class None 
B, Type Il aggregate 


Approximately 2,200 square feet Approximately 75 square feet of | 


of double penetration chip seal | double penetration chip seal 

‘ 
Approximately 1,800 square feet | Approximately 30 square feet of | 
of 2° AC lift : | 2 AC Ift c 
Approximately 28,000 gallons of : Approximately 8,000 gallons of 
water to restore grade and | water to restore grade and | 


| compaction in rutted areas | compaction in rutted areas | 


In addition to materials, significant differences in labor and equipment repair 
requirements were noted in the unpaved sections. The low tire pressure test 
lanes required six hours of grading and four hours of watering to return to their 
Original conditions while, the high tire pressure lanes required 14 hours of loader 
and ripper time, 14 man-hours of grading and 14 man hours of watering to be 
returned to original condition. 


The closed loop test had four paved sections: two chip sealed and two 2 in. 
asphalt concrete. After completion of the originally planned number of passes, 
neither lane required repair or maintenance in the paved sections, although the 
high pressure lane showed signs of rutting and fatigue cracking in sections 8 
and 9. Sections 10 and 11 showed no signs of distress in either lane. During 
the original phase of the test, the moisture content of the base course was 
measure at between 4 and 6 percent. After completion of initial testing it was 
decided to evaluate the effect of higher moisture contents in the paved sections. 
By filling the ditches along the side of the test track, the moisture content the 
subgrade and base course of the chip sealed sections was raised between 7 
and 8 percent. The effects in these sections (sections 8 and 9), became quickly 
apparent. Surface and base failure was evident after just 15 passes of a loaded 
truck in sections 8 and 9 of the high pressure tire lane. After 45 passes of a 
loaded truck, section 9 (curved section) failed in the low pressure lane. Section 
8 (straight section) of the low pressure lane did not fail after 169 passes of a 
loaded truck when the additional testing was terminated. 


The other paved sections (10 and 11) had the base moisture content elevated 
between 12 and 14% using the same methods as was used in sections 8 and 9. 
The high tire pressure lane developed linear cracking after just 35 passes of a 





loaded truck and was considered to have failed after 55 passes. After 81 
passes, testing was stopped in the high tire pressure lane. In the low tire 
pressure lanes, sections 10 and 11 remained undamaged until section 11 
(straight section) reached failure after 121 passes. Section 10 (curved section) 
had not failed after 169 laps when the additional test was terminated. 


One test section was constructed with washboarding already in place. In the 
closed loop test, the high pressure lane experienced a worsening of the 
washboarding, resulting in potholing and reduction in speed. No changes were 
noted in the low pressure lane. Because this section was constructed as a 


washboard course, maintenance was not required. 


One potentially significant benefit found in addition to the effects on road 
surfaces and conditions, was the lower operating costs of the trucks operating at 
lower tire pressure. The trucks used in the study were identical except for miles 
driven. Both the high pressure and low pressure trucks were 1972 Kenworth, 
Model W925. The low pressure truck had 183,000 miles of use, the high 
pressure truck had 191,000 miles of use. Costs for fuel, tire wear, damaged 
parts and related wear were closely monitored. Cost of operation for the low tire 
pressure truck was $1.11/mile while cost of operation for the high tire pressure 
truck was $4.92/mile. Table 5 shows the break down of the operation costs. 


rep re 


| Fuel (1) 
Tire Wear (2) 
prientiaged Parts (3) 
Related Labor Cost (4 (4) 


_ Total Cost/Mile 


Based on $1.00/gal. 


Based on $400/tire mounted. 


Table 5. 
Cost/Mile During Nevada Test Center Study 


$0.18 
$0.46 
$0.16 
$0.31 


ISIS Sa 


(1) 
(2) 
(3) Based on cost of replacement parts. 
(4) 


Base on $45.00/hour. 


| 
I 


High Pressure Tire 


| Low Pressure Tire 


2,681 Miles Driven 


| 2,676 Miles Driven 
_ 20-22% Tire Deflection | 


10-12% Tire Deflection 


a a lla 


$0.18 
$0.59 


$2.28 


$1.87 


$4.92 


lent cl tn Ml al Ral Baten Mn > 


Based on these lower operating costs, the estimated cost of $10,000 for a CTI 
system could be recovered by the lower operating cost in as little 2,700 miles of 
operation, and that does not include cost savings from reduced road 


maintenance. 
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The study concluded that lower tire pressures provided significantly longer 
pavement life than the higher tire pressures for the pavement sections tested, 
reduced road maintenance and repair requirements, and increased driver 
comfort. 


2.4.3. Boise National Forest Field Operational Tests (8) 


In conjunction with the testing being done at the Nevada Automotive Test Center 
and U.S. Army Waterways Experiment Station, the Forest Service also 
conducted a field test in the Boise National Forest. This test entailed the 
removal of 1.7 million board feet (MMBF) of timber over 5 miles of aggregate 
surfaced road and 6 miles of native surfaced road using different tire pressures. 
Tire pressures between 25 and 54 psi were used for hauling 1.0 MMBF and the 
remaining 0.7 MMBF was hauled using 100 psi tire pressure. The test was done 
between September and November 1986. Although the test was to determine 
the potential benefits of Central Tire Inflation (CTI), none of the trucks used were 
equipped with the system, therefore inflation pressures were adjusted manually. 
Driving axle tires were set for 41 psi when loaded and 25 psi when empty. 
Trailer and steering axle tires were kept at a constant pressures of 38 and 54 psi 
respectively. All tires were kept at a constant 100 psi. for the high pressure 
portion of the test. 


The first phase of the test using lower tire pressures was conducted from 
September 12 - 26, 1986. During this phase, the lower tire pressure appeared to 
set the road up so hard and smooth that during the following high pressure runs, 
only areas of excessive subsurface water did the road surface break down. 
During the first low pressure phase the roads became saturated and so slick that 
the operation was temporarily shut down after a rain storm. At this point the 
Forest Service was preparing to repair the ruts in the road prior to starting the 
high pressure phase of the test. However, based upon the suggestion of the 
logging contractor and truck drivers, 2 days of haul were run using lowered tire 
pressure in lieu of grading the road surface. As the road dried out, the lower tire 
pressures smoothed the road surface and grader maintenance was not required. 


In summary, the results of the test showed positive benefits to using lower tire 
pressure. Some of the particular benefits noted were: 


eRoad maintenance was reduced. 

eRutting was reduced. Rutting developed only in wet spots and was only 
3 to 4 inches deep compared to previous years when ruts up to 16 inches 
deep were reported. 

eLower tire pressures helped repair damaged roads as the road surface 
dried out. 

eThe haul season was extended by use of lowered tire pressures. In wet 
conditions, traction improved and road damage was decreased. Several 
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days of hauling were allowed that would not have been possible with high 
tire pressures. 

eOn steep grades, truck traction was improved by the use of lowered tire 
pressure. 


Although this test was qualitative only and that additional field operational tests 
are necessary to evaluate the benefits of lowered tire pressures over a wider 
range of soil, climate, and road design conditions, the positive implications of 
operating at lower tire pressure are worth noting. 


2.4.4. U.S. Army Waterways Experiment Station Study (11) 


In addition to the Nevada Automotive Test Center study, the Department of 
Agriculture, Forest Service, conducted another study to quantify the effect of 
lower tire pressure on road surface deterioration and pavement thickness 
requirements. 


A closed loop two lane track was constructed. A total of 15 test sections, one 
native soil (a lean clay), five aggregate (3 to 9 in.), and nine asphalt concrete 
sections with varying combinations of asphalt thicknesses (2, 4, 5 and 6 in.) and 
base course (0, 4, 6, and 8 in.). Table 6 summarizes the pavement sections and 
average material properties. 
Table 6 
Pavement Test Sections Used in Waterways Experiment Station Study 


























| Surface | Base Base Average | insitu Dry | 
| Thickness Course Moisture Aggregate | Density | 
| | Surface (in.) =» Thickness Content CBR AASHTO ! 
| Section _Material | in.) (Ag) Value T-180 | 
| 1 | Aggregate; 3 | NIA 14. 35 | 135.4 | 
fo 2 Aggregate c | NA 1.7 22, | =—136.0 — 
_Nati | NA N/A 17.3 NA | 1116 _ 
eee Asphatt | U2 U4 881426 
5__j Asphalt | 2 ' 6 34 28 | 1423 | 
| 2 8 34 41 142.3 | 
7 Asphat | 4 NANA 114 
8 Asphalt 4 eee ee 
__ Asphalt Ae Se 44. | 138.8 | 
Asphalt _ 4 4 ae SS 
j Asphalt | 6 7 Oo NANA 113.8 
Asphalt = 5 NANA 110.4 
__Agg regate 3 NIA 2.8 Soe 109.6 
14 Aggregate | 6 NIA 2.8 32 139.6 


i|..15 Aggregate | cee NAT 6330S 141.9 





Passes were made over each section until failure. Paved sections were 
considered failed when there was: 


eA surface rut of 2 in. or more at least 20 ft-long 

eSurface cracking existed to the extent that the pavement was no longer 
waterproof; 

eSevere shoving resulting in 2-in deep ruts or severe cracking of the AC 
surface existed. 


The aggregate sections were considered failed when any of the following 
conditions existed in a 20-ft-long section of a wheel path: 


eThree inch ruts in test sections 1,2 and 13; or 
eFour-inch ruts in test sections 14 and 15; or 
eWashboarding of 3 in. deep or more. 


Shoving was also a major type of distress observed during the test. Shoving 
occurred in the out side wheel path of a horizontal curve and was visually 
detected by either the outward movement of the total thickness of asphalt 
concrete or by the outward movement of the asphalt concrete layer in relation to 
the underlying layer. 


Two trucks were driven over the lanes in both the loaded and unloaded 
condition. The high tire pressure truck was operated at typical highway pressure 
of 100 psi in all tires. The low-pressure truck operated at a constant tire 
deflection (21 percent), which required tire pressures of approximately 25 and 39 
psi for the unloaded and loaded conditions, respectively. Axle loads for the high 
pressure tire truck were 9,590 Ib. for the front axle, and an average of 16,750 
lb./axle for the other 4 axles. The low pressure tire truck had a front axle load of 
9,530 Ib. and an average of 16,960 Ib./axle for the remaining axles. 


The first day of driving began after several days of rain and apparently due to 
the high moisture content sections 1 to 3 showed rutting after one pass. The 
benefits of lower tire pressure on aggregate surface roads were seen from the 
results of section 2 when the trucks operated empty to determine the effects of 
lower tire pressure on washboarding (washboarding is caused by tires bouncing 
which occurs mostly when trucks are empty). Washboarding was noticeable in 
section 2 in the high pressure lane after about 50 passes. The corrugation was 
2.9 in. deep and the truck had to reduced speed to maneuver safely over 
section 2. After 112 passes, severe washboarding was measured throughout 
the high-pressure lane of section 2. No washboarding was observed in the low 
pressure lane. The high-pressure traffic caused severe distress in Section 2, 
and required grading after a combined total of 172, 541, 624, and 1130 loaded 





and unloaded passes. Grading was never required in the low pressure lane of 
section 2. 


The benefits of lower tire pressure on asphalt concrete roads were also evident. 
In all cases when an asphalt concrete section was judged as failed in the high 
pressure lane, only hairline cracking and minor rutting were detected in a low 
pressure lane. Only four failures occurred in the low pressure lane, two in 
section 4 and one each in sections 5 and 6. The failures in sections 5 and 6 
were judged failed after 2,076 passes and those in section 4 after 3,324 and 
3,845 passes. Severe cracking and rutting were the mode of each of these 
failures. Table 7 summarizes the number of load repetitions to failure in the 
Study. 


Table 7. 
Summary of Number of Passes at Time of Failure 
Test Section Tire Pressure _ Number of Passes to 
ee eee ee ee ee eure 

= nae | High a OO 
1 Low | 66 
2 High 58 
2. Low 66 
: 3 High 58 

3 Low 66 
_ 4 High 158 
4 Low 3324 
ee High | 1,414 
| 5 Low | 2,076 
| 6 High | 1,104 
7 6 | Low 2,076 
; 10 High 2,210 

‘ls High 883 

13 Low | 1,077 

14 : High 883 

14 | Low 3 1,077 

as: High 883 

15 Low  _—i1,077 


FARSEECUrs 


No failure information provided for sections 7, 8 9, nd, ‘or 12. 


Based on the results of the study, the following findings and recommendations 
were noted: 
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eThe failures and distresses in the high-pressure lane of the asphalt 
concrete sections were more pronounced than those in the low-pressure 
lane. 

eVWhere pavement failures occurred in both lanes of the same asphalt 
concrete section, the ratio of the number of passes to failure of the low- 
pressure lane to high-pressure lane ranged between 1.5 to 1 and 271 to 1. 
eConsiderable maintenance was required on aggregate surfaced grades 
after high-pressure unloaded traffic because of severe washboarding. 
This type of distress is not a factor under low-pressure traffic. 

e There was no appreciable difference in the amount of shoving of 
aggregate surface horizontal curves because of different tire pressures. 
eConsiderable savings should be realized from operating at lower tire 
pressure from lower repair and maintenance of roads, the reduction of 
truck and tire wear and from the extension of haul seasons. 
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CHAPTER 3: DEVELOPMENT OF DATA AND METHODS OF ANALYSIS 


3.1. Objective 


The objective of this study was to determine the effects of operating heavy 
vehicles at lower tire pressures on roads in severely weakened condition. In 
order to analyze the effects of lower tire pressure on pavement performance, 
comparison of the number of load repetitions to failure for each pavement type, 
material condition, tire load and tire pressure was determined. The failure 
criteria used was developed by the Asphalt Institute for fatigue cracking and 
rutting. The formula for fatigue failure defines failure as fatigue cracking over 10 
percent of the wheel path area, while rutting failure is defined as 0.5 inch 
depressions in the wheel paths (13). These formulas required determination of 
two specific strain criteria. For fatigue failure, horizontal tensile strain at the 
bottom of the asphalt layer was determined and the vertical compressive strain 
at the top of the subgrade was determined for the rutting failure. The formulas 
used are shown below: 


Fatigue Failure: 


log N¢ = 15.947 - 3.291 log (€4/10°) - 0.854 log (E/103) 


N¢ = Load repetitions to Failure 


€+ = Horizontal Tensile Strain at Bottom of Asphalt Concrete 
E = Elastic Modulus of the Asphalt Concrete 


Rutting Failure 


Ng = 1.077 x 1018(10-8/g,,)4:4843 


N¢ = Load repetitions to Failure 
Ey = Vertical Compressive Strain at Top of Subgrade 


3.2. Determination of Strains 
3.2.1. ELSYM5 


Determination of horizontal tensile strain at the bottom of asphalt concrete and 
vertical compressive strains at the top of subgrade in both asphalt and 
aggregate roads were determined using the ELSYM5 computer software 
program developed by the Federal Highway Administration. ELSYM5 uses 
elastic layer theory to calculate the stresses and strains at specified points in 
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multi-layer pavement systems. Input variables were material properties, loading 
condition, and points of evaluation. 


3.2.2. System Material Properties 


Two road surfaces were modeled in this study, asphalt concrete and aggregate 
surfaced roads. Asphalt concrete roads consisted of a layer of asphalt surface 
course over an aggregate base over a semi-infinite subgrade. Aggregate 
surfaced roads were a layer of aggregate over a semi-infinite subgrade. In each 
system, material properties were varied under each loading condition. By 
varying the layer thickness and using two different elastic moduli for the asphalt 
concrete, a total of nine different road systems were evaluated. Table 8 lists 
each of the systems evaluated: 


Table 8. 
Layer Thicknesses and Moduli of Surface Layers Evaluated 





| Surface Base Course 
| Thickness Thickness _ 
Asphalt Concrete (E,.=150,000 psi | 1 inch 6 inches 
Asphalt Concrete (E,.=150,000 psi |2inches _| 6 inches 
Asphalt Concrete (Ea-=150,000 psi) | 3inches | 8 inches __ 
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| Asphalt Concrete (E_,=1,000,000 psi)* | 1 inch . 6 inches | 


| Asphalt Concrete (E=1,000,000 psi)* | 2inches _ G6 inches 
* | 3inches 8 inches 


| Asphalt Concrete (E,,=1,000,000 psi 
Crushed Aggregate Ainches = N/A __ 


Crushed Aggregate BS inches NA 
Crushed Aggregate (12 inches = N/A | 


* Evaluated with tandem axle configuration only 










The values for the Elastic Modulus (E) for the crushed aggregate and subgrade 
were assigned different values. These values were chosen to evaluate road 
response under varying conditions - weak to strong. The elastic modulus for 
asphalt concrete (E,.) was held constant for each asphalt concrete system. The 
only material properties that were varied in each system were the values 
assigned to the elastic modulus. The elastic modulus of the crushed aggregate 
(E,) was assigned values of 1,000, 5,000, 10,000, 20,000 or 30,000 psi. The 
elastic modulus of the subgrade (E,,) was assigned values of 2,500, 5,000 or 
10,000 psi . Each loading condition was evaluated for each possible combination 
of E, and Egg. 


The asphalt concrete layer thicknesses were selected in order to model thinner 
asphalt pavement sections found in rural roads that are generally subject to load 
restrictions during spring thaw. The asphalt concrete elastic moduli were 
selected to model a cracked asphalt concrete (E,,.=150,000 psi) anda 
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moderately strong asphalt concrete (E,,.=1,000,000 psi). The elastic moduli for 
the crushed aggregate and subgrade were selected to simulate those that have 
been found in the field during spring thaw. (1) 


Poisson’s Ratios were held constant throughout the study. Values used were 
0.35 for asphalt concrete, 0.40 for crushed aggregate and 0.45 for subgrade. 


3.2.3. Loading Conditions 


The strains at the bottom of asphalt and top of subgrade were determined for 
each road system combination and loading condition to calculate the number of 
load repetitions to failure. Loading conditions evaluated included two axle 
configurations, three tire loads, and three tire pressures. 


The two axle configurations were a dual tired single axle and a dual tired tandem 
axle. These are the most common configurations found on tractor- semi trailer 
vehicles. 


Tire loads used were 4,250, 3,750, and 3,250 Ib. per tire. The 4,250 Ib. per tire 
load was chosen as it is the maximum per tire load allowed for dual tandem axle 
configurations (34,000 Ib. maximum). Tire loads of 3,750 and 3,250 Ib. per tire 
represent 88 percent and 76 percent of maximum tire loads respectively for dual 
tandem axles. These loads were used as they were above the commonly used 
value of 60 percent of maximum load allowed during periods of load 
restrictions(1). The same tire loads were used for the single axle configuration 
in order to permit easy comparison of axle configuration. 


Tire pressures of 40, 70 and 100 psi were used. To simulate loading conditions 
found on most operating trucks, 100 psi was selected (6). Selection of 40 psi as 
the lowest pressure was done to approximate the average low pressures found 
in the studies reviewed. For a median value, 70 psi was selected. Although 
other studies have shown that tire contact pressure and tire inflation pressure 
are not always equal, tire contact pressure and tire inflation pressure are 
assumed to be equal for this study. Since the ratio between tire contact 
pressure and tire inflation pressure varies depending on tire type, this 
assumption eliminated tire type as variable in this study. 


3.2.4. Points of Evaluation 


Evaluation points were determined depending on failure criteria and axle 
configuration. In asphalt concrete pavements, the failure criteria were fatigue 
and rutting, therefore strains at the bottom of the asphalt concrete and top of 
subgrade were used to determine the load repetitions to failure for fatigue and 
rutting respectively. In the aggregate surfaced roads, rutting failure was the only 
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criteria of interest, therefore the strain at the top of subgrade was the only one 
determined for the aggregate road structure. 


Strains directly under a tire, between the dual tires and between the axles were 
calculated for the dual tandem axle configuration. For the single axle 
configuration, the strains under and between the tires were determined. 


Only the largest strain found for each loading condition was used in determining 
the load repetitions to failure. Other strains were not considered. Strain values 
found for single axle and tandem axle are found in Appendix A and Appendix B 
respectively. 


3.3. Calculation of Load repetitions to Failure 


For each pavement and loading condition, the strains at the selected points of 
interest were calculated using the ELSYM5 program. Using the strain calculated 
by ELSYM5 and the Asphalt Institute failure formulas, the number of load 
repetitions to failure for each combination of pavement and loading condition 
was determined. These are shown in Appendices C and D for single and 
tandem axles respectively. 





CHAPTER 4: RESULTS 
4.1. Introduction 


The results obtained were analyzed by comparing average increases in load 
repetitions to failure and average percentage increases in load repetitions to 
failures obtained by reducing tire pressure and tire load separately and 
combined. Averages were used because of the large number of different 
pavement sections and loading conditions examined. By using average 


increases in load repetitions to failure the trends of reducing tire pressure and 


tire load can be more easily examined and discussed. Although some results 


show large percentage increases in load repetitions to failure, the reader must 
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be careful to realize that while the percentage increase may extremely large, the 
actual number of load repetitions to failures may be few, in some less than 100. 


This is especially true when the increases for load repetitions to failure of very 


weak soils and thin road surfaces are reviewed. Because of this, it is very 


important that if the results of this study are used to aide the decision whether to 


require lower tire loads or tire pressures on weakened roads, that the reader 


ensure that actual field conditions are considered in conjunction with the results 


of this study. 


For simplicity, the results of the data analysis are divided into four different 


groups shown on Table 9 below. Each group is used to examine the effect of 


reducing tire pressure and tire load for a specific pavement type and failure 


criteria. The effects of reducing tire pressure and tire load on fatigue failure for 


each asphalt concrete stiffness are examined separately. 


‘ 


Table 9 
Data Analysis Groups 
Group _Pavement Type : Material Properties _ Failure Criteria | 
1 Aggregate Surface A’ @ (sRutting 
2 AsphaltConcrete CAC séRutting 
3 Asphalt Concrete Eg =1,000,000psi_ “Fatigue _ 
4 __AsphaltConcrete Ege = 150,000 psi ss sCFaatique 


In the aggregate surfaced roads only rutting failure is considered. The results 


indicate that in most cases, rutting failure will also be the failure that governs the 
asphalt concrete pavement structure as the number of load repetitions to rutting 


failure are usually far less than the number of load repetitions to fatigue failure. 


The results show that reducing either tire pressure or tire load will result in 
increases in load repetitions to failure for both rutting and fatigue, and that if 


both tire load and tire pressure are reduced together, the resulting increase in 
load repetitions to failure for both rutting and fatigue is greater than the sum of 


the two individually. 
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4.2. Aggregate Surface Roads. 
4.2.1. Effects of Reducing Tire Pressure. 


Using the load repetitions to failure calculated for each loading condition, the 
effects of reduced tire pressure were determined. For each tire load, the load 
repetitions to failure for tires inflated to 100 psi was used as the base against 
which increases or decreases were measured. Table 10 summarizes the 
average percentage increase in load repetitions to rutting failure when the tire 
pressure is reduced from 100 psi to 70 psi and 100 psi to 40 psi respectively. 
Appendix E contains data used to calculate the averages for single and tandem 
axles. 


The data in Table 10 shows that reducing tire pressure results in an increase in 
load repetitions to failure and that the larger the pressure reduction the larger 
the increase in load repetitions to failure, i.e. reducing the pressure from 100 psi 
to 40 psi will provide 3 to 10 times the increase in load repetitions to failure that 
are obtained by reducing tire pressure from 100 psi to 70 psi. 


Table 10 also shows that as the aggregate layer gets thicker, the percentage 
increase in load repetitions to failure decreases. This means that as aggregate 
roads get thicker, the effects of reducing tire pressure becomes less effective in 
reducing the vertical compressive strain at the top of the subgrade. 


It must be cautioned that reduced tire pressure will not always allow usage of 
aggregate roads in a weakened condition. In some cases, the number of load 
repetitions to failure even operating at reduced tire pressure could be reached in 
a very short time. Note for example that the average increases in load 
repetitions to failure for a 4 inch aggregate road were always less than 100. 
Even with minimal heavy vehicle traffic, it would not take long to reach 100 load 
repetitions. However, in thicker aggregate surface roads, the effects of reducing 
tire pressure may be sufficient by itself to allow trucks to operate without load 
reductions. This would greatly improve profitability for heavy truck operators. 
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Table 10. 
Summary of Average Increase in Load repetitions to Rutting Failure 
by Reducing Tire Pressure - Aggregate Surfaced Roads 


Increase In Load repetitions to Rutting Failure 


—_— - Tire Pressure Reduction | Tire Pressure Reduction From 
From 100 psi to 70 psi 100 psi to 40 psi 

Average Percentage Average Percentage 

Increase in | Increase in Increase in Increase in 






Load Load Load Load 
Road Structure repetitions | repetitions | repetitions to repetitions to 
and Tire Load to Failure to Failure 


Failure Failure 
MiiisingleAxie [| TE 
| AinchAggregate | (| Cid 






MeinchAggegate | | CC 
MizmenAggregate | | CTC 
| randemave | | | | 
| 4inchAggregate | | 
| BinchAggregate | | 
\12inchAggregate | | 


4.2.2. Effects of Reducing Tire Load. 


Table 11 summarizes the average percentage increase in load repetitions to 
rutting failure when the tire load is reduced from 4,250 Ib./tire to 3,750 Ib./tire 





and from 4,250 Ib./tire to 3,250 Ib./tire respectively. Appendix F contains data 
used to calculate the averages for single and tandem axles respectively. 


Table 17. 
Summary of Average Increase in Load repetitions to Rutting Failure 
by Reducing Tire Load - Aggregate Surfaced Roads 


Increase In Load repetitions to Rutting Failure 



















Road Structure and Tire | Tire Load Reduction From 
Pressure 4250 to 3750 Ib./tire From 4250 to 3250 Ib./tire 
Average Percentage | Average Percentage 
Increase in | Increase in | Increase Increase In 
= Load Load in Load Load 
repetitions | repetitions | repetitions | repetitions to 
Single Axle to Failur to Failure | to Failure Failure 
| AinchesAggregate | | | | 
| 8inchesAggregate | | | | 
| 12inchesAggregate | =| | | 
72% 
66% 
MetendemAxle oj | | | 
| 4inchesAggregate | | 
Geeeioopsi 8% S| 186% 
BinchesAggregate [| =| tw CTCtC“‘(‘(] 
PiZinchesAggregate | =| &#| °° &34| 


Table 11 shows decreasing the tire load results in increases in load repetitions 
to rutting failure. However, the effects of larger decreases in load are more 
linear than the effects of larger tire pressure reductions. For example, 
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decreasing the tire pressure from 100 psi to 40 psi resulted in 3 to 10 times the 
increase in load repetitions to failure obtained by reducing tire pressure from 
100 psi to 70 psi, whereas decreasing the tire load from 4,250 Ib./tire to 3,250 
lb./tire resulted in only 1 to 3 times the increase load repetitions to failure 
obtained by decreasing the tire load from 4,250 Ib./tire to 3,750 Ib./tire. This 
indicates that vertical compressive strain is a fairly linear function of tire load, 
that is each pound of tire load reduction results in an equal reduction in vertical 
compressive strain at the top of the subgrade. 


The effect of the aggregate thickness on increase in load repetitions to failure is 
opposite that of tire pressure reduction. As the aggregate gets thicker, the 
percentage increase in load repetitions to failure increases. thus indicating that 
as aggregate gets thicker, tire load is more critical to the development of vertical 
compressive strain than tire pressure. 


4.2.3. Combined Effects of Reducing Tire Load and Pressure: 


In order to measure the combined effects of reducing tire load and tire pressure, 
a base load was selected. The base load was 4250 Ib./tire on a tire inflated to 
100 psi. Holding tire pressure constant, the average increase and percentage 
increase in load repetitions to failure were determined for reducing tire load to 
3250 Ib./tire. Holding load constant, the average increase and percentage 
increase in load repetitions to failure were determined for reducing tire pressure 
to 40 psi. Then the average increase and percentage increase in load 
repetitions to failure for reducing both tire load and pressure were determined by 
comparing the load repetitions to failure for a load of 4250 Ib./tire at 100 psi and 
a load of 3250 I|b./tire at 40 psi. It was noted that the increase in load repetitions 
to failure of the combined effects of tire pressure and load reduction was greater 
than the sum of the separate increase due to tire pressure and tire load 
reduction. A final calculation called the Synergistic Factor was determined by 
dividing the increase in load repetitions to failure of the combined effects by the 
sum of the individual increases realized by reducing tire pressure or tire load 
alone. This synergistic factor shows that when both tire pressure and tire load 
are reduced simultaneously, much larger increases in load repetitions to failure 
can be achieved. Table 12 summarizes the results for each aggregate thickness 
and Is listed in appendix G. 


Based on the percentage increase in load repetitions to failure, the individual 
effects of tire load reduction verses tire pressure reduction in Table 11 shows 
that reducing tire pressure becomes less influential on vertical compressive 
strain as the aggregate thickness increases while reducing tire load becomes 
more influential. 
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When the combined effects of tire pressure and tire load reduction are reviewed, 
again as aggregate layer gets thicker, the percentage increase in load 
repetitions to failure gets less, but the actual number of load repetitions to failure 
increases. This emphasizes the importance of taking into consideration the road 
structure rather than the percentage increase in load repetitions to failure when 
determining whether to allow either full loads at reduced tire pressure, require 
lighter loads at normal tire pressure, or requiring both lighter loads and reduced 
tire pressure. 


Table 12 
Summary of Average Increase in Load repetitions to Failure 
by Reducing Tire Pressure and Tire Load Individually and Combined - 
Aggregate Surfaced Roads 





Increase In Load repetitions to Rutting Failure 
Reducing Tire Load From Reducing Tire Pressure 
4 250 to 3,250 Ib./tire From 100 psi to 40 psi 
aie 
Single Axle Increase Increase Increase Increase 
948 


8 
8 Inch Aggregate 948 149% 1,471 260% 
12 Inch Aggregate 15,349 188% 3,028 
6 










Meencemiaxie [TCP 


— - Reducing Tire Load and 
Tire Pressure 
atsenae | fag |e | Pee 
Single Axle Increase Increase Factor* 


| aia 
8 Inch Aggregate 3,470 508% | 148 | | 
12 Inch Aggregate 24 870 260% | 135 | | | 
ea 
ae | 
lll 
“pene 







| TandemAxle | | 


*See text for description 





4.3. Asphalt Surfaced Roads: 


The effect of reducing tire pressure and tire load on increases in load repetitions 
to failure for both rutting and fatigue were reviewed. During the analysis of the 
data it was noted that the values for load repetitions to rutting failure and the 
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strains obtained were found to be within a reasonable range for both asphalt 
stiffnesses evaluated. However, when the load repetitions to failure were 
determined for the asphalt concrete section with elastic modulus of 150,000 psi 
(attempting to simulate a cracked pavement) the results obtained were extremely 
large and are not considered reasonable. Therefore, discussion of the results 
for the asphalt section is broken into three parts. Part 1 addresses rutting 
failure, Part 2 addresses fatigue failure for the asphalt sections with an elastic 
modulus of 1,000,000 psi, and Part 3 discusses fatigue failure for the asphalt 
section with the lower elastic modulus of 150,000 psi. 


4.3.1. Rutting Failure. 
4.3.1.1. Effects of Reduced Tire Pressure on Rutting Failure. 


The results obtained for average increase in load repetitions to rutting failure 
show the same trends as those found in the aggregate surface road which were: 


e Reducing tire pressure results in increases in load repetitions to rutting 
failure. 

e The larger the pressure reduction, the larger the increase in load 
repetitions to failure. 

e Reducing tire pressure from 100 psi to 40 psi provides 3 to 5 times the 
increase in load repetitions to rutting failure obtained by only reducing tire 
pressure from 100 psi to 70 psi. 

e As the asphalt gets thicker and stiffer, the percentage increase in load 
repetitions to failure decreases meaning that reducing tire pressure 
becomes less effective reducing the vertical compressive strain at the top 
of the subgrade. 


The results of the effects of reducing tire pressure are summarized in Table 13. 
Values in Table 13 are taken from the data and calculations in appendix H. 


4.3.1.2 Effects of Reducing Tire Load on Rutting Failure 


Using identical methods to analyze the effect of reduced tire load on rutting 
failure of an asphalt concrete road as was used to analyze the effect of reduced 
tire load on an aggregate road, the values shown in Table 14 indicated similar 
trends as was found for the aggregate road. Those trends were: 


e Decreasing tire load results in increases in load repetitions to rutting 
failure. 

e Decreasing tire load from 4,250 Ib./tire to 3,250 Ib./tire results in 2 to 3 
times the average increase in load repetitions to rutting failure obtained 
by reducing tire load from 4,250 Ib./tire to 3,750 Ib./tire. 
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e As the asphalt concrete gets thicker, the percentage increase in load 
repetitions to failure becomes smaller. 


Table 13. 
Summary of Average Increase in Load repetitions to Rutting Failure 
by Reducing Tire Pressure - Asphalt Surfaced Roads 


Tire Pressure Reduction Tire Pressure Reduction 
Tire Load From 100 psi to 70 psi From 100 psi to 40 psi 
Average Percentage Average Percentage 
Increase in | Increase in | Increase in Increase in 
Single Axle Load Load Load Load 


E(ac) = 150,000 psi | repetitions to; repetitions | repetitions | repetitions to 
Failure to Failure to Failure Failure 


CTE a a a 

MimeMicliAsphalt | 

| 3inchAsphalt | oP 
E(ac) = 150,000 psi 

Seeeeresphat 

MeesenAsphatt fT 

| 3inchAsphalt | PP 
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7 i 
E(ac)=1,000,000 psi 
MeiiiciAsphat 


3,750 lIb./tire 3,028 105% 




















MeencnAsphalt [Oe 
MemoinchAsphat |} CC 





Table 14. 
Summary of Average Increase in Load repetitions to Rutting Failure 
by Reducing Tire Load Only - Asphalt Surfaced Roads 


Increase In Load repetitions to Rutting Failure 


Road Structure and Tire Load Reduction From | Tire Load Reduction From 
Tire Pressure 4 250 to 3,750 Ib./tire 4 250 to 3,250 Ib./tire 


Average Percentage Average Percentage 











































Increase in Increase in | Increase in | Increase in 
Single Axle Load Load Load Load 
E(ac)=150,000 psi | repetitions to | repetitions to | repetitions | repetitions to 





Failure F eh | 
| ilnchAsphalt | | 
144% 
6% 


113% 


TI 
©. 
eo 
> 
.() 


2InchAsphalt | | 
3,250 lb./tire 3,032 8,711 173% 


3,750 lIb./tire 2,265 6,737 1 


3% 
4 250 Ib./tire 1,857 5 605 195% 


— 
[3.250 Ibe 
[3.750 b.ttire 


Tandem Axle 
E(ac)=150,000 psi 
Sl ae 
ae eee ee oe 


ailure 
5 
61 
3,750 Ib./tire 15,161 46,387 
1 
51 
5 
1 
1 


16 
8 
07% 
Z 
8 


4 
cane NS Peay 
3,250 Ib./tire 6 1a 8,950 172% 
6 ’ 


1 
a /e 

3InchAsphalt, | | 

3,250 lb./tire 17,898 55,073 212% 

3,750 Ib./tire 16,137 49 283 220% 

4,250 Ib./tire 15,062 46 437 218% 


Tandem Axle 
E(ac)=1,000,000 psi 
| _ DO pi Para 
eee 


6 
ee eee |S 
3,250 lIb./tire 16,840 51,013 
| 46,387 
6 


allure 


| iinchAsphalt {| 

% 2,010 113% 
| 2InchAsphalt | — 
| 3,250 Ib./tire | eet | 
65% 
| _3InchAsphalt | 

| 3,250 IbJtire 

| 3,750 Ib/tire 

| 4,250 IbJtire 


1 Inch Asphalt 


3,250 Ib./tire 2,267 55% 6,567 158% 
3,750 Ib./tire 1,612 4 806 178% 
4 250 lb./tire 1,412 4189 195% 
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2InchAsphalt, | | 
3,250 Ib./tire 41,024 87,497 209% 
. 1 





SeinciAshat a 
1,118,350 


See Appendix | for data used to derive figures in Table 14. 






4.3.1.3 Combined Effects of Reducing Tire Load and Pressure 


Table 15 below summarizes the results of comparing the effects of reducing tire 
pressure and tire load each individually and combined. When results of the 
asphalt thicknesses are compared, note that the percentage increase in load 
repetitions to rutting failure for tire load reduction increases as the asphalt 
becomes thicker. This indicates that the influence of tire load increases as the 
asphalt becomes thicker. This is further supported by the smaller percentage 
increase in load repetitions to failure by reducing tire pressure as the asphalt 
gets thicker. It can also be seen that as asphalt gets thicker, the synergistic 
factor decreases. This is explained by the fact that tire load, which effects 
vertical compressive strain in a linear manner, becomes more influential as the 
asphalt gets thicker. 


It is also noted that axle configuration has little influence on load repetitions to 
rutting failure. In fact the average increase and percentage increase in load 
repetitions to rutting failure are nearly identical. There results indicated that axle 
configuration has little influence on load repetitions to rutting failure for asphalt 
concrete roads. 


When comparisons are made between tire load and tire pressure reduction, the 
results summarized in Table 15 confirm the results of other studies which 
concluded that the effects of tire pressure reduction lessened as asphalt layer 
became thicker. 
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Table 15 
Summary of Average Increase in Load repetitions to Rutting Failure 
by Reducing Tire Pressure and Load Individually and Combined 
Asphalt Surfaced Roads 


Increase In Load repetitions to Rutting Failure 
Road Structure Reducing Tire Load From Reducing Tire Pressure 
4,250 to 3,250 Ib./tire From 100 psi to 40 psi 


Single Axle Average Percentage Average Percentage 
F(ac)=150,000 psi Increase Increase Increase Increase 


E(ac)=150,000 psi 

F(ac)=1,000,000 psi 
1 Inch Asphalt, 
2 Inch Asphalt, 
3 Inch Asphalt, 


Reducing Tire Load and 
Tire Pressure 


F(ac)=150,000 psi Increase Increase F actor 
1 Inch Asphalt 
2 Inch Asphalt, 
3 Inch Asphalt, 
F(ac)=150,000 psi 
1 Inch Asphalt, 
2 Inch Asphalt, 


42 
3 Inch Asphalt, 59 952 277% 
Tandem Axle 
E(ac)=1,000,000 psi 

1 Inch Asphalt, 8,740 448% 


2 Inch Asphalt 95,778 279% 
3 Inch Asphalt, 1,189,458 269% 


see Appendix J for complete data tables. 


a 
i 
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4.3.2 Fatique Failure 


In nearly all the asphalt pavement sections and loading conditions examined, 
fatigue failure was not the governing failure criteria in an asphalt concrete 
pavement. This is due to rutting failure being mostly a direct function of the 
stiffness of the base and subgrade, and fatigue failure being strongly dependent 
on the stiffness of the asphalt. Since the strengths used for the base and 
subgrade were relatively much weaker than those used for the asphalt 
pavements, rutting was generally the governing criteria. However the effects of 
reducing tire pressure and tire load on fatigue failure indicate positive benefits of 
reducing tire pressure and are worth discussion. 


The results of the fatigue failure analysis has been broken down into two parts. 
Each part addresses a different asphalt stiffness. The first section analyzes the 
results of asphalt pavement sections with an elastic modulus of 1,000,000 psi. 
The second discusses asphalt pavements sections with an elastic modulus of 
150,000 psi. The value of 150,000 psi was chosen to simulate an asphalt 
pavement section that already had moderate fatigue cracking. 


4.3.2.1 Effects of Reduced Tire Pressure and Tire Load on Fatigue Failure on a 
Moderate Strength Asphalt Concrete Pavement. 


Effects of tire pressure and tire load reduction on an asphalt concrete pavement 
with an elastic modulus of 1,000,000 psi were examined for tandem axle loading 
only. The effects of reduced tire pressure are summarized in Table 15. As 
would be expected, the average increase in load repetitions to failure increases 
as asphalt thickness increases, however the percentage increase in load 
repetitions to failure decreases with increased asphalt thickness. This confirms 
other study findings that the influence of reduced tire pressure on pavement life 
lessens as asphalt pavement sections thicken. Unlike rutting however, at 3 inch 
thickness, reducing tire pressure significantly increases average load repetitions 
to fatigue failure. For example, load repetitions to fatigue failure is increased 
105 percent for a tandem axle loaded at 3,750 Ib./tire when the tire pressure is 
reduced from 100 psi to 40 psi (Table 16). For the same axle configuration and 
tire load, the average increase in load repetitions to rutting failure is only 
increased 15 percent for the same tire pressure reduction. (Table 13). This 
demonstrates that tire pressure plays a larger role in tensile strain at the bottom 
of asphalt than it does in vertical compressive strain at the top of subgrade and 
that if fatigue failure governs over rutting, then tire pressure reduction will 
significantly extend the asphalt pavement life. 
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Table 16. 
Summary of Average Increase in Load repetitions to Fatigue Failure 
by Reducing Tire Pressure - Asphalt Surfaced Roads 


Increase In Load repetitions to Fatigue Failure 
Road Structure and Tire Pressure Reduction Tire Pressure Reduction 
Tire Load From 100 psi to 70 psi From 100 psi to 40 psi 


Average Percentage Average Percentage 












































Increase in | Increase in | Increase in Increase in 
Tandem Axle Load Load Load Load 
E(ac)=1,000,000 psi | repetitions to | repetitions | repetitions | repetitions to 
Failure to Failure to Failure Failure 





Miiinen’Asphatt’ 
| Ae ee 















| 2InchAsphalt | 
MeeeincmAsphalt | 


Data taken from data and calculations in Appendix H 


Table 17 summarizes the effects of tire load on fatigue failure on an asphalt 
road, however before discussing the results, an explanation of the results listed 
for the 1-inch thick pavement is needed. 


The average increase in load repetitions to fatigue failure for the 1 inch asphalt, 
listed in Table 17, are much lower than expected. When the strains calculated 
by ELSYM5 were reviewed it was noted that for the 1 inch asphalt, that as the 
tire load decreased, the strain at the bottom of the asphalt increased for both the 
100 psi and 70 psi. The strain values determined by ELSYM5 were thoroughly 
checked by entering the same loading conditions into another strain calculating 
software program, Everstrs (developed for the Washington State Department of 
Transportation) and found to be accurate. Why strain values increase when tire 
load is decreased is not clear and goes beyond the scope of this study. 
However the reasons for this may warrant further study. Exact pavement 
Stiffnesses and loading conditions where this phenomena occurs can be 
examined in appendix K which lists results for each individual loading condition. 
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Table 17 shows that reducing tire load increases the average number of load 
repetitions to failure. Decreasing tire load from 4,250 lb./tire to 3,250 Ib./tire 
resulted in 2 to 3 times the increase in load repetitions to fatigue failure obtained 
by reducing tire load 4,250 Ib./tire to 3,750 Ib./tire. It should be noted that the 
percentage increase in load repetitions to fatigue failure due to tire load 
reduction was only about half the percentage increase found for increases in 
load repetitions to rutting failure due to tire load reduction. This small 
percentage increase in load repetitions to failure indicates that tire load has less 
influence on tensile strain than it does on vertical compressive strain. 


Table 17. 
Summary of Average Increase in Load repetitions to Fatigue Failure 
by Reducing Tire Load - Asphalt Surface Roads 











Increase In Load repetitions to Fatigue Failure 


Road Structure and | Tire Load Reduction From | Tire Load Reduction From 
Tire Pressure 4 250 to 3,750 Ib./tire 4 250 to 3,250 Ib./tire 


















Average Percentage Average Percentag 
Increase In | Increase in Increase in. | e Increase 

Tandem Axle Load Load Load in Load 
E(ac)=1,000,000 psi | repetitions | repetitions to | repetitions to | repetitions 
to Failure Failure Failure to Failure 


(InchAsphalt | P 
79,947 185,181 83% 
2,095 26% 
1,076 2,809 35% 
0 





MeeeinchAsphat | S| 
MemeimenAsphat | | 


Taken from tables in Appendix L 







Table 18 compares the overall effect of tire pressure and tire load reduction on 
load repetitions to fatigue failure individually and combined. Table 18 supports 
the previous findings that tire pressure is more influential than tire load on 
fatigue failure. As was the case for rutting failure, Table 18 shows that the 
combined effects of tire pressure and tire load reduction together, will double the 
average increase in load repetitions to fatigue failure than either one alone. 
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Table 18. 
Summary of Average Increase in Load repetitions to Fatigue Failure 
by Reducing Tire Pressure and Load Individually and Combined - 
Asphalt Surfaced Roads 


Increase in Load repetitions to Fatigue Failure 


Reducing Tire Load From Reducing Tire Pressure 
4 250 to 3,250 Ib./tire From 100 psi to 40 psi 


Tandem Axle Percentage Percentage 
E(ac)=1,000,000 psi Increase Increase Increase Increase 
1 Inch Asphalt, 649% 

2 Inch Asphalt, 161% 


3 Inch Asphalt, 97% 
Reducing Tire Load and ———_ 
Tire Pressure 
Tandem Axle Percentage 
E(ac)=1,000,000 psi Increase Increase Factor 


1 Inch Asphalt, 382 848 1.262% | 183 | | 
| See 
|: a 








Road Structure 






















2 Inch Asphalt, 207,967 423% 
Sere 311% 


3 Inch Asphalt, 





4.3.2.2. Effects of Reducing Tire Pressure and Tire Load on a Weak Asphalt 
Pavement 





In this study, asphalt pavement with an elastic modulus of 150,000 psi. was used 
to model a cracked pavement. From the load repetitions to fatigue failure 
calculated and shown in appendix H, it appears that the Asphalt Institute's 
formula for fatigue failure does not accurately predict load repetitions to failure 
for a cracked pavement, although their rutting failure formula does appear to 
accurately predict rutting failure. Therefore, if the pavement section under 
evaluation is considered to have failed due to fatigue, then that pavement could 
best be thought of as an aggregate road with a very stiff surface layer of 
aggregate. 


While the average increase in load repetitions to fatigue failure shown in 
Appendices H, M and N are not realistic in terms of magnitude, they do reflect 
the same positive trends of tire pressure and tire load reduction on fatigue failure 
found in Section 4.3.3.1 


4.4 Comparison of Field Studies and Computer Model 


Most of the field studies reviewed did not contain the information needed to 
compare the results of the field study with results obtained from ELSYM5 and 
the Asphalt Institute's failure criteria. Only the U.S. Army Waterways Experiment 
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Station Study (11) contained enough information that could permit a comparison 
between the two. 


Using section 5 for a comparison, input values were determined from the 
information given in the study. Pavement section thicknesses of 3.5 inches of 
asphalt and 4.5 inches of base were used in the low pressure lane, while 2.3 
inches of asphalt and 6 inches of base were used in for the high pressure lane. 


The study did not give any values for elastic modulus, but did provide California 
Bearing Ratios (CBR) for the base and subgrade. These values were converted 
to elastic modulus using Figures 5.34 and 5.35 of reference 12. The low 
pressure lane had CBRs of 33 and 5 for the base and subgrade. These 
converted to elastic moduli of 20,000 and 5,000 psi respectively. The high 
pressure land had CBRs of 20 and 5 which converted to elastic moduli of 15,000 
psi and 5,000 psi respectively for the base and subgrade. The only information 
provided about the asphalt concrete was that it was to meet Louisiana 
Department of Transportation and Development criteria. From the gradation 
chart in the report, it appears that the asphalt mix used in the study has a similar 
gradation as Washington Department of Transportation (WSDOT)class A mix 
design. WSDOT class a mix design uses a elastic modulus of 500,000 psi for 
design purposes (12), therefore this value was used in the comparison. 


Tire loading was determined by dividing the total loaded weight of the logging 
truck by 18. This gave tire loads of 4,295 Ibs/tire for the low pressure lane and 
4,250 Ibs/tire for the high pressure lane. 


In the field study, failure was due to rutting and occurred after 2,076 logging 
truck passes in the low pressure lane and 1,414 passes in the high pressure 
lane. The logging trucks used in the study consisted of two tandem axles and 
one singe axle, or roughly equivalent to 2-1/2 tandem axle loads per pass. 
Therefore tandem axle load repetitions to failure would be 5,190 for the low 
pressure lane and 3,535 for the high pressure lane. 


Using the strains at the top of the subgrade determined by ELSYM5 and the 
Asphalt Institute's load repetitions to rutting failure formula, tandem axle load 
repetitions to failure for the low pressure lane were estimated to be 119,739 and 
2,860 for the high pressure lane. The load repetitions to failure observed in the 
high pressure lane (3,535) and predicted by ELSYM5 and the failure formula 
(2,860) are relatively close. However, the comparison of the low tire pressure 
values, 119,739 predicted and 5,190 observed do not compare favorably. This 
does not necessarily mean that ELYSM5 should not be used to predict strains in 
pavement sections. It may indicate that the Asphalt Institutes formula for rutting 
failure may not be applicable for use with low tire pressures, but further field 
study is required to determine this. There are many other possible reasons for 
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the differences, including selection of the values used as input into ELSYM5 or 
conversion of CBRs to elastic moduli. 


45 Conclusions and Recommendations 


This preliminary study indicates that reducing tire pressure will reduce pavement 
strains and extend pavement life . This is true for both fatigue and rutting failure. 
The extent of the increases depends greatly on the pavement material properties. 
In some instances, the pavement may be so weak that no amount of tire pressure 
or load reduction would lower strains to an acceptable level. In other instances, 
reducing tire pressure alone or in combination with reduced tire load would 
reduce strains to acceptable levels. The pavement section stiffness is critical to 
making the determination whether to allow any heavy vehicles with or without 
reduced tire pressure or tire load or both. Therefore it is important to have a 
reasonable idea of the strength of the pavement before making a decision 
whether or not to allow heavy vehicle traffic and what loading modifications are 
required. 


As was discussed earlier, the effect of reducing tire pressure is larger on thinner 
pavement sections and larger for fatigue failure (tensile strain) than rutting failure 
(vertical compressive strain). While the study indicates that reduced tire 
pressure will increase load repetitions to failure, the increased number of load 
repetitions to failure must be considered before deciding to allow heavy vehicles 
(tractor semi-trailers) on weakened roads. For example reducing tire pressure 
may increase the load repetitions to failure by 200 percent, but the actual load 
repetitions to failure may only be 500. Another possible scenario is that reducing 
tire pressure would result in a 40% increase in load repetitions to failure, but 
represents an increase of 500,000 load repetitions to failure. These examples 
emphasize the need to consider the actual number of load repetitions to failure 
when considering whether reduced tire pressure alone or in combination with 
reduced tire load would allow the operation of heavy vehicles on weakened 
roads. 


While this study does indicate positive results from reduced tire pressure on 
increasing the load repetitions to failure, additional studies are warranted. Some 
items that should be investigated include: 


e Development of guidelines to relate pavement stiffness to the pavement 
freezing index and thawing index. These guidelines would greatly aid 
road agencies to place vehicle restrictions (tire load and pressure) without 
having to go to the expense of conducting field tests. 


e Measurement of actual in-place strains on various pavement types, 
pavement conditions, tire types, axle configurations, and loading 
conditions. 
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In summary, reducing tire pressure will reduce strains in pavements. Whether 
the reduced strains are within acceptable levels must be determined by the 
agency responsible for the road. It is recommended that road agencies follow 
the following steps when deciding on what combination of tire pressure and tire 
load is acceptable. 


e Determine the horizontal tensile strain at the bottom of the asphalt and 
vertical compressive strain at the top of the subgrade associated with the 
acceptable number of load repetitions to failure for the road under review. 
e Determine the pavement material properties when it Is in a severely 
weakened condition, preferably by doing a field test. 

e Using the pavement stiffness determined in step 2, determine what 
combination of tire load and/or tire pressure will result in strains less than 
those determined in step 1. 


Using the above procedures in combination with local knowledge, road agencies 
can establish under what conditions heavy vehicles could possibly operate 
during periods weakened pavements such as spring thaw. 
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TABLE A.1 
STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 4 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=3,250 LBS 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.009728 0.016140 0.020790 
E(SG) = 5,000 PSI 0.004972 0.008420 0.010950 
E(SG) = 10,000 PSI 0.002509 0.004300 0.005626 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.008072 0.012150 
E(SG) = 5,000 PSI 0.004522 0.007160 0.009024 
E(SG) = 10,000 PSI 0.002400 0.003951 0.005067 
E(BASE) = 10,000 PSI 
E(SG) = 2,500 PSI 0.006742 0.009567 0.011460 
E(SG) = 5,000 PSI 0.004036 0.006076 0.007478 
E(SG) = 10,000 PSI 0.002261 0.003580 0.004512 
E(BASE) = 20,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.005280 0.007051 
E(SG) = 5,000 PSI 0.003371 0.004784 0.005729 
E(SG) = 10,000 PSI 0.002018 0.003038 0.003739 
E(BASE) = 30,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.004464 0.005762 0.006598 
E(SG) = 5,000 PSI 0.002943 0.004029 0.004745 
E(SG) = 10,000 PS! 0.001831 0.002665 0.003229 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.2 


STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 4 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=3,750 LBS 


STRAIN TOP 
OF SUBGRADE 





STRAIN TOP 
OF SUBGRADE 


NOTE: 


E(BASE) = 1,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.009654 0.016570 0.021810 
E(SG) = 5,000 PSI 0.004904 0.008605 0.011450 
E(SG) = 10,000 PSI} 0.002466 0.004383 0.005868 
E(BASE) =5,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.008254 0.012750 0.015950 
E(SG) = 5,000 PSI 0.004553 0.007430 0.009543 
E(SG) = 10,000 PSIf 0.002392 0.004065 0.005324 
E(BASE) = 10,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.007023 0.010170 0.012350 
E(SG) = 5,000 PSI 0.004127 0.006375 0.007977 
E(SG) = 10,000 PSI 0.002276 0.003715 0.004771 
E(BASE) = 20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.005605 0.007600 0.008937 
E(SG) = 5,000 PSI 0.003511 0.005086 0.006174 
E(SG) = 10,000 PSI 0.002064 0.003188 0.003989 
E(BASE) = 30,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.004787 0.006258 0.007229 
E(SG) = 5,000 PSI 0.003100 0.004319 0.005145 
E(SG) = 10,000 PSI 0.001893 0.002818 0.003465 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.3 
STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 4 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=4,250 LBS 


E(BASE) = 1,000 PSI 
STRAIN TOP [TIRE PRESSURE 10 
OF SUBGRADE JE(SG) = 2,500 PSI | 0.009526] 0.016840 
E(SG) = 5,000 PSI | 0.004812] 0.008704 
E(SG) = 10,000 PSI] 0.002413] 0.004422 
E(BASE) =5,000 PSI 
10 
E(SG) =2,500PSI | 0.008374] 0.013230 
E(SG) = 5,000PSI | 0.004552] 0.007625 
E(SG) = 10,000 PSI} 0.002366} 0.004138 
E(BASE) = 10,000 PSI 
100 PSI 
E(SG)=2,500PSI | 0.007249] 0.010690 
E(SG) = 5,000 PSI | 0.004187] 0.006614 
E(SG) = 10,000 PSI] 0.002276] 0.003812 
E(BASE) = 20,000 PSI 
TIRE PRESSURE 100 PSI 
E(SG) =2,500PSI | 0.005888] 0.008087] 0.009597 
E(SG) = 5,000 PSI | 0.003624] 0.005343] 0.006562 
E(SG) = 10,000 PSI] 0.002093] 0.003307] 0.004198 
E(BASE) = 30,000 PSI 
STRAIN TOP 
OF SUBGRADE JE(SG) = 2,500PSI | 0.005078] 0.006708 
E(SG) = 5,000PSI | 0.003233] 0.004571 
E(SG) = 10,000 PSI} 0.001939] 0.002944 
NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.4 


STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 8 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=3,250 LBS 


STRAIN TOP 
OF SUBGRADE 


STRAIN TOP 
OF SUBGRADE 


NOTE: 


E(BASE) = 1,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.006687 0.008223 0.009011 
E(SG) = 5,000 PSI 0.003527 0.004376 0.004813 
E(SG) = 10,000 PSIf 0.001814 0.002262 0.002492 
E(BASE) =5,000 PSI 
TIRE PRESSURE 
E(SG) = 2,500 PSI 0.004859 0.005734 0.006178 
E(SG) = 5,000 PSI 0.002908 0.003506 0.003810 
E(SG) = 10,000 PSI 0.001630 0.001996 0.002184 
E(BASE) = 10,000 PSI 
E(SG) = 2,500 PSI 0.003779 0.004353 0.004642 
E(SG) = 5,000 PSI 0.002429 0.002867 0.003089 
E(SG) = 10,000 PSI 0.001454 0.001753 0.001905 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 0.002753 0.003097 0.003269 
E(SG) = 5,000 PSI 0.001890 0.002177 0.002321 
E(SG) = 10,000 PSI} 0.001215] 0.001434] 0.001544 
E(BASE) = 30,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.002230 0.002477 0.002599 
E(SG) = 5,000 PSI 0.001581 0.001796 0.001904 
E(SG) = 10,000 PSI 0.001058 0.001231 0.001318 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.5 
STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 8 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=3,750 LBS 


E(BASE) = 1,000 PSI 
STRAIN TOP IRE PRESSURE 100 PSI 
OF SUBGRADE [E(SG) = 2,500 PSI | 0.007212] 0.009072] 0.010050 
E(SG) = 5,000 PSI | 0.003792] 0.004819] 0.005363 
0.001947] 0.002488] 0.002776 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) =2,500PS! | 0.005315] 0.006381] 0.006936 
E(SG) =5,000PS!I | 0.003158] 0.003884] 0.004264 
E(SG) = 10,000 PSI] 0.001760} 0.002204] 0.002439 
E(BASE) = 10,000 PSI 
E(SG) =2,500PSI | 0.004168] 0.004869] 0.005231 
E(SG) = 5,000 PSI | 0.002658] 0.003191] 0.003468 
E(SG) = 10,000 PSI} 0.001579} 0.001942] 0.002132 
E(BASE) = 20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) =2,500PSI | 0.003061] 0.003482] 0.003697 
E(SG) = 5,000 PSI | 0.002084] 0.002435] 0.002616 
E(SG) = 10,000 PSI} 0.001329} 0.001595] 0.001734 
E(BASE) = 30,000 PSI 
100 PSI 
E(SG)=2,500PS!I | 0.002490] 0.002792] 0.002946 
E(SG) = 5,000 PS! | 0.001752] 0.002015] 0.002150 
E(SG) = 10,000 PSI} 0.001162] 0.001374] 0.001483 
E (BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.6 
STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 8 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=4,250 LBS 


E(BASE) = 1,000 PSI 
E(SG) = 2,500 PSI 0.007664 0.009840 0.011030 
E(SG) = 5,000 PSI 0.004018 0.005219 0.005875 
E(SG) = 10,000 PSI 0.002059 0.002692 0.003038 
E(BASE) =5,000 PSI 
E(SG) = 2,500 PSI 0.005728 0.006983 0.007654 
E(SG) = 5,000 PSI 0.003379 0.004231 0.004691 
E(SG) = 10,000 PSI 0.001873 0.002394 0.002676 
E(BASE) = 10,000 PSI 
E(SG) = 2,500 PSI 0.004527 0.005355 0.005794 
E(SG) = 5,000 PSI 0.002864 0.003491 0.003827 
E(SG) = 10,000 PSI 0.001690 0.002116 0.002345 
E(BASE) = 20,000 PSI 
STRAIN TOP 
OF SUBGRADE jE(SG) = 2,500 PSI 0.003350 0.003849 0.004110 
E(SG) = 5,000 PSI 0.002264 0.002678 0.002897 
E(SG) = 10,000 PSI 0.001432 0.001746 0.001914 
E(BASE) = 30,000 PSI 
STRAIN TOP 
OF SUBGRADE JE(SG) = 2,500 PSI 0.002747 0.003095 0.003282 
E(SG) = 5,000 PSI 0.001912 0.002223 0.002386 
E(SG) = 10,000 PSI 0.001258 0.001508 0.001640 
NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.7/ 


STRAIN (IN/IN) AT TOP OF SUBGRADE FOR A 12 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=3,250 


STRAIN TOP 


NOTE: 


E(BASE) = 1,000 PSI 
IRE PRESSURE 
E(SG)=2,500PSI] 0.004278] 0.004688 
E(SG) = 5,000PSI} 0.002264] 0.002491 
E(SG) = 10,000 PS§ 0.001166] 0.001286 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG)=2,500PSI}] 0.003110] 0.003274] 0.003380 
E(SG) = 5,000 PSI} 0.001855] 0.002003} 0.002075 
E(SG) = 10,000 PS§ 0.001041] 0.001139] _o. 
E(BASE) = 10,000 PSI 
IRE PRESSURE 100 PSI 
E(SG)=2,500PS!I] 0.002403] 0.002472] 0.002541 
E(SG) = 5,000 PSI] 0.001555] 0.001637] 0.001690 
E(SG) = 10,000 PSf 0.000928] 0.001001] 0.001038 
E(BASE) = 20,000 PSI 
E(SG) =2,500PSI] 0.001719] 0.001753] 0.001778 
E(SG) = 5,000 PSI] 0.001201] 0.001236} 0.001270 
E(SG) = 10,000 PS{ 0.000778} 0.000818] _O. 
E(BASE) = 30,000 PSI 
100 PSI 
E(SG) =2,500PSI| 0.001371| 0.001396] 0.001405 
E(SG) = 5,000 PSI} 0.000996] 0.001017 
E(SG) = 10,000 PS§ 0.000675] 0.000701 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.8 
STRAIN (IN/IN) AT TOP OF SUBGRADE FOR A 12 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=3,750 LBS 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.004828 0.005305 0.005545 
E(SG) = 5,000 PSI 0.002530 0.002816 0.002949 
E(SG) = 10,000 PSI 0.001302 0.001453 0.001524 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.003557 0.003719 0.003855 
E(SG) = 5,000Psi | 0.002121] 0.002271] 0.002364 
E(SG) = 10,000 PSI 0.001180 0.001289 0.001347 
E(BASE) = 10,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.002750 0.002821 0.002902 
E(SG) = 5,000 PSI 0.001778 0.001859 0.001927 
E(SG) = 10,000 PSI 0.001060 0.001135 0.001182 
E(BASE) = 20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.001969 0.002015 
E(SG) = 5,000 PSI 0.001375 0.001410 
E(SG) = 10,000 PSI 0.000889 0.000930 
E(BASE) = 30,000 PSI 
STRAIN TOP 
OF SUBGRADE JE(SG) = 2,500 PSI 0.001571 0.001605 0.001618 
E(SG) = 5,000 PSI 0.001141 0.001168 0.001188 
E(SG) = 10,000 PSI 0.000773 0.000797 0.000824 
NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.9 


STRAIN (IN/IN) AT TOP OF SUBGRADE FOR 12 INCH AGGREGATE 
ROAD, SINGLE AXLE, TIRE LOAD, P=4,250 LBS 


NOTE: 


E(BASE) = 1,000 PSI 
100 PSI 
E(SG) = 2,500 PS! 0.005417 0.005898 
E(SG) = 5,000 PSI | 0.002839] 0.003129] 0.003294 
E(SG) = 10,000 PSI 0.001454 0.001614 0.001701 
E(BASE) =5,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.003994 0.004150 
E(SG) = 5,000 PSI 0.002529 0.002529 
E(SG) = 10,000 PSI 0.001324 0.001434 
E(BASE) = 10,000 PSI 
E(SG) = 2,500 PSI 0.003090 0.003183 0.003257 
E(SG) = 5,000 PSI 0.001997 0.002075 0.002160 
E(SG) = 10,000 PSI 0.001190 0.001265 0.001323 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 0.002214 0.002274 0.002297 
E(SG) = 5,000 PSI 0.001545 0.001592 0.001628 
E(SG) = 10,000 PSI 0.000998 0.001037 0.001080 
E(BASE) = 30,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.001 767 0.001812 0.001829 
E(SG) = 5,000 PSI 0.001282 0.001319 0.001334 
E(SG) = 10,000 PSI 0.000868 0.000895 0.000924 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE A.10 


STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


OF ASPHALT 


STRAIN 
BOTTOM OF 
SUBGRADE 
NOTE: 


F(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.005975 

0. 002730} 0.003132 
0.001387] 0.001600 
E(BASE)=5,000 PSI 
0.000826] 0.001602 
0.000775] 0.001543 
0.000738} 0.001500 


0.006317 
0.003322 
0.001701 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.000796 
0.000809 
0.000815 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.000347 
0.000356 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 

E(SG) =10,000 PSI 

E(SG) =2,500 PSI 

E(SG) =5,000 PSI 

E(SG) =10,000 PSI 

E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE A.11 
STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 1INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM {E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 0.005802] 0.006706] 0.007143 
E(SG) =5,000 PSI 0.003008} 0.003510] 0.003752 
E(SG) =10,000 PSI 0.001525} 0.001791} 0.001919 
E(BASE)=5,000 PSI 
STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
STRAIN E(SG) =2,500 PSI 0.005317] 0.006291) 0.006784 
BOTTOM OF E(SG) =5,000 PSI 0.003180] 0.003851] 0.004193 
SUBGRADE E(SG) =10,000 PSI 0.001768} 0.002182] 0.002394 
E(BASE)=10,000 PSI 
0.001220 
OF ASPHALT E(SG) =5,000 PSI 0.000763] 0.001233 


E(SG) =10,000 PSI | 0.000770] 0.001239 

E(SG) =2,500 PSI 0.005032] 0.005418 

BOTTOM OF E(SG) =5,000 PSI 0.002776] 0.003353] 0.003653 

SUBGRADE E(SG) =10,000 PSI 0.001662] 0.002059] 0.002267 
E(BASE)=20,000 PSI 


E(SG) =5,000 PS! 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


OF ASPHALT E(SG) =5,000 PSI 

E(SG) =10,000 PSI 
STRAIN E(SG) =2,500 PSI | 0.003001 0.003199 
BOTTOM OF E(SG) =5,000 PSI 0. 001874 0.002205] 0.002381 
SUBGRADE E(SG) =10,000 PSI 0.001259} 0.001528] 0.001671 
NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 

E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE A.12 


STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON A 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 








E(BASE)=1,000 PSI 
E(SG) =2,500 PSI 0.002998 0.004398] 0. 
E(SG) =5,000 PSI 0.002767 
E(SG) =10,000 PS! 0.002637 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PS! 
E(SG) =5,000 PS! 
E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PS! 


E(SG) =2,500 PSI 
E(SG) =5,000 PS! 

E(SG) =10,000 PS! 

E(SG) =2,500 PSI 

E(SG) =5,000 PS! 

E(SG) =10,000 PSI | 

E(SG) =2,500 PS!|_| NO TENSION] NO TENSION] 0. 

E(SG) =5,000 PS! 

E(SG) =10,000 PS! 

E(SG) =2,500 PSI 

E(SG) =5,000 PS! 

E(SG) =10,000 PS! 

E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE A.13 
STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE 


TIRE PRESSURE 100 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PSI 























STRAIN BOTTOM 
OF ASPHALT 



























E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 









E(SG) =10,000 PSI 












STRAIN BOTTOM 
OF ASPHALT 






E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PSI 













E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PSI 










E(SG) =2,500 PS! 
E(SG) =5,000 PS! 

E(SG) =10,000 PS! 

E(SG) =2,500 PSI 

E(SG) =5,000 PS! 

E(SG) =10,000 PSI 

E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE A.14 


STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 2 INCH ASPHALT 


CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE 


E(BASE)=1,000 PSI 


TIRE PRESSURE j|40PSI 70 PSI 100 PSI 


0.002183 
0.001996 
0.001885 
0.003777 
0.001968 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.002636 
0.002458 
0.002354 
0.003905 
0.002039 
0.001036 


E(BASE)=5,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


OF ASPHALT 


0.002569 
0.001794 
0.001166 
E 
0.000208 
0.000216 
0.000222 


STRAIN 
BOTTOM OF 
SUBGRADE 


STRAIN BOTTOM [E(SG) =2,500 PSI 

OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.001420 
0.001324 


E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 


0.001051 


0.001894 








TABLE A.15 
STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE 









TIRE PRESSURE 
E(SG) =2,500 PSI , 95 0.002825 .003297 
E(SG) =5,000 PSI 














STRAIN BOTTOM 
OF ASPHALT 





E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 










E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 

















E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 






















STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PS! 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 









STRAIN BOTTOM JE(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 











TABLE A.16 
STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE 


E(BASE)=1,000 PSI 
STRAIN BOTTOM [E(SG) =2,500 PSI 0.001440 0.001639 0.001821 
OF ASPHALT E(SG) =5,000 PSI 0.001346 0.001549 0.001731 
E(SG) =10,000 PSI 0.001290 0.001495 0.001677 
STRAIN E(SG) =2,500 PSI 0.002113 0.002163 0.002183 
BOTTOM OF E(SG) =5,000 PSI 0.001126 0.001154 0.001166 
SUBGRADE E(SG) =10,000 PSI 0.000580 0.000595 0.000601 
E(BASE)=5,000 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN E(SG) =2,500 PSI 0.002364] 0.002423] 0.002446 

BOTTOM OF E(SG) =5,000 PSI 0.001454] 0.001494] 0.001510 

SUBGRADE E(SG) =10,000 PSI 0.000824] 0.000848] 0.000858 
E(BASE)=10,000 PSI 


0.000807] 0.000951 
OF ASPHALT E(SG) =5,000 PSI | 0.000764 
E(SG) =10,000 PSI | 0.000727 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 0.001559 
E(SG) =5,000 PSI 0.001118 
E(SG) =10,000 PSI 0.000740 
EF 
0 





E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 0.001288 0.001312 0.001322 
E(SG) =5,000 PSI 0.000955 0.000975 0.000983 
E(SG) =10,000 PSI 0.000661 0.000676 0.000690 


E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE A.17 


STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN 
BOTTOM OF 


OF ASPHALT 


BOTTOM OF 


SUBGRADE 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =10,000 PSI 
E(SG) =2,500 PS! 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 





E(SG) =5,000 PS! 
E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PS! 
E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 





E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 





E(BASE) = ELASTIC MODULUS OF AGGREGATE 


E(BASE)=1,000 PSI 

TIRE PRESSURE [40PS| _[/0PSI___[t0oPS| 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 


0.002017 
0.001913 
0.001850 
0.002511 
0.001340 
0.000691 


0.001620 
0.001512 
0.001448 
0.002418 
0.001288] 0.001325 
0.000663] 0.000683 
E(BASE)=5,000 PSI 
0.001 


0.001807 
0.001704 
0.001642 
0.002484 


E(BASE)=20,000 PSI 
0.000557 
0.000542 
0.000526 


0.000690 
0.000675 
0.000659 


0.000390 
0.000373 


0.001509 
0.001121 
0.000776 


0.001093 
0.000755 





E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE A.18 


STRAINS INDUCED BY A DUAL SINGLE AXLE LOAD ON 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4250 LBS/TIRE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


NOTE: 


E(BASE)=1,000 PSI 
E(SG) =2,500 PSI 0.001788 0.001966 0.002202 
E(SG) =5,000 PSI 0.001667 0.001849 0.002084 
E(SG) =10,000 PSI 0.001595 0.001780 0.002014 
E(SG) =2,500 PSI 0.002802 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 

E(SG) =5,000 PSI 

E(SG) =10,000 PSI 

E(SG) =2,500 PSI 

E(SG) =5,000 PSI 

E(SG) =10,000 PSI 

E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








Appendix B: Loads to Rutting and Fatigue Failure for a Single Axle Load 
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TABLE B.1 
STRAIN AT TOP OF SUBGRADE FOR A 4 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 4,250 LB./TIRE 

















E(BASE)=1,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 0.011480] 0.019260] 0.025260 
E(SG) = 5,000 PSI 0.005765] 0.009896] 0.013130 
E(SG) = 10,000 PSI 0.002881] 0.005010] 0.006694 
E(BASE)=5,000 PSI 


100 PSI 

E(SG) =2,500 PSI | 0.008354] 0.013200] 0.016770 

E(SG) = 5,000 PSI | 0.004543] 0.007614] 0.009947 

E(SG) = 10,000 PSI | 0.002858 0.006195 
E(BASE)=10,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 0.007228} 0.010660] 0.013100 
E(SG) = 5,000 PSI 0.004177] 0.006602} 0.008384 
E(SG) = 10,000 PSI | 0.002271} 0.003807} 0.004974 


E(BASE)=20,000 PSI 


TIRE PRESSURE — _[40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 0.007657} 0.010090} 0.011740 
E(SG) = 5,000 PSI 0.004587] 0.006466] 0.007777 
E(SG) = 10,000 PSI | 0.002593] 0.003905} 0.004853 


E(BASE)=30,000 PSI 


TIRE PRESSURE =‘ f40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 0.005060] 0.008542} 0.009745 
E(SG) = 5,000 PSI 0.003222] 0.004561} 0.005492 
E(SG) = 10,000 PSI | 0.001934} 0.002938] 0.003661 


E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 







STRAIN TOP 
OF SUBGRADE 
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TABLE B.2 


STRAIN AT TOP OF SUBGRADE FOR A 4 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 3,750 LB./TIRE. 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


STRAIN TOP 
OF SUBGRADE 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 


STRAIN TOP 
OF SUBGRADE 


? 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


STRAIN TOP 





IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PSI 


40PSI 70 PSI 100 PSI 


0.009640] 0.016550 0.021780 
0.004897] 0.008595 
0.002463] 0.004378 


0.011440 
E(BASE) =5,000 PSI 


0.005862 
40PSI 70 PSI 100 PSI 


0.008237] 0.012730 0.015940 
0.004545} 0.007420 
0.002388] 0.004060 


E(BASE) = 10,000 PSI 


40PSI 70 PSI 100 PSI 


0.007005} 0.010150 0.012330 
0.004118} 0.006365 
0.002272] 0.003710 


0.007969 
E(BASE) = 20,000 PSI 


0.004766 
40PSI 70 PSI 100 PSI 


0.005587] 0.007582 
0.003502} 0.005076 
0.002059} 0.003183 ; 


E(BASE) = 30,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 


E(SG) = 10,000 PSI 
E(BASE) = AGGREGATE ELASTIC MODULUS 





0.007212 
0.005136 
0.003460 


0.004770} 0.006240 
0.003091} 0.004309 
0.001888} 0.002813 





E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE B.3 
STRAIN AT TOP OF SUBGRADE FOR A 4 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 3,250 LB./TIRE. 


E(BASE) = 1,000 PSI 


IRE PRESSURE = _‘[40PSI 70 PSI 100 PSI 


STRAIN TOP E(SG) = 2,500 PSI 0.009714} 0.016120] 0.020770 
OF SUBGRADE JE(SG) = 5,000 PSI 0.004965] 0.008410} 0.010940 
E(SG) = 10,000 PSI | 0.002506} 0.004296] 0.005612 


E(BASE) =5,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


STRAIN TOP E(SG) = 2,500 PSI 0.008056} 0.012130} 0.014940 
OF SUBGRADE ]E(SG) = 5,000 PSI 0.004515} 0.007151} 0.009015 
E(SG) = 10,000 PSI | 0.002400] 0.003946} 0.005062 


E(BASE) = 10,000 PSI 


IRE PRESSURE _{40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 0.006726} 0.009553} 0.011440 
E(SG) = 5,000 PSI 0.004028] 0.006066] 0.007470 
E(SG) = 10,000 PSI | 0.002258] 0.003575; 0.004508 


E(BASE) = 20,000 PSI 


TIRE PRESSURE = _-J40PSI 70 PSI 100 PSI 


E(SG) = 2,500PS! | 0.005265] 0.007036] 0.008190 
E(SG) = 5,000 PSI | 0.003363] 0.004776} 0.005721 
E(SG) = 10,000 PSI | 0.002014] 0.003033] 0.003735 


E(BASE) = 30,000 PSI 


IRE PRESSURE |40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 0.004448] 0.005476} 0.006583 
OF SUBGRADE JE(SG) = 5,000 PSI 0.002935} 0.004022] 0.004737 
E(SG) = 10,000 PSI | 0.001827} 0.002660] 0.003225 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.4 


STRAIN AT TOP OF SUBGRADE FOR AN 8 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 3,250 LB./TIRE 


STRAIN TOP 
OF SUBGRADE 


STRAIN TOP 
OF SUBGRADE 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI | 0.006657 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 
E(BASE) =5,000 PSI 


IRE PRESSURE {40 PSI 70 PSI 1 


E(SG) = 2,500 PSI | 0.004828] 0.005704 
E(SG) = 5,000 PSI | 0.002893} 0.003491 
E(SG) = 10,000 PSI} 0.001622] 0.001989] 0.002177 


E(BASE) = 10,000 PSI 


E(SG) = 2,500 PSI | 0.003746] 0.004321 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI } 


E(BASE) = 20,000 PSI 
IRE PRESSURE 


E(SG) = 2,500 PSI | 0.002718] 0.003062 
E(SG) = 5,000 PSI | 0.001873] 0.002160] 0.002305 
E(SG) = 10,000 PSI} 0.001207] 0.001426] 0.001537 


E(BASE) = 30,000 PSI 
IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.5 


STRAIN AT TOP OF SUBGRADE FOR AN 8 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 3,750 LB./TIRE. 


STRAIN TOP 


IOF SUBGRADE 


STRAIN TOP 


OF SUBGRADE 


STRAIN TOP 
OF SUBGRADE 


NOTE: 





E(BASE) = 1,000 PSI 
IRE PRESSURE |40PSI |[70PSI 100 PSI 
E(SG) = 2,500 PSI | 0.007177] 0.009038] 0.010020 
E(SG) = 5,000 PSI | 0.003775 0.005346 
E(SG) = 10,000 PSI] 0.001938] 0.002479] 0.002767 

E(BASE) =5,000 PSI 
IRE PRESSURE |40PSI_|70PSI_ ]100PSI 
E(SG) = 2,500 PSI | 0.005280] 0.006346] 0.006901 
E(SG) = 5,000 PSI | 0.003141] 0.003866} 0.004247 
E(SG) = 10,000 PSI} 0.001752] 0.002196] 0.002430 

E(BASE) = 10,000 PSI 


IRE PRESSURE [40PSI_]70PSI [100PSI 
E(SG) = 2,500 PSI | 0.004130] 0.004831} 

E(SG) = 5,000 PSI | 0.002640] 0.003173] 0.003450 
E(SG) = 10,000 PSI sonata 00917 0.002124 


E(BASE) = 20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI | 0.003020] 0.003441] 0. 
E(SG) = 5,000 PSI | 0.002065] 0.002416] 0.002597 
E(SG) = 10,000 PSI} 0.001320 0.001725 
E(BASE) = 30,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI | 0.002450] 0.002753] 0.002907 
E(SG) = 5,000 PSI | 0.001732] 0.001995} 0.002130 
E(SG) = 10,000 PSI} 0.001153] 0.001364] 0.001474 


E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.6 
STRAIN AT TOP OF SUBGRADE FOR 8 INCH AGGREGATE ROAD 
TANDEM AXLE, TIRE LOAD = 4250 LB./TIRE 

















E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI | 0.008540] 0.010770] O. 
E(SG) = 5,000 PSI | 0.004445] 0.005666] 0.006328 
= 10, 0.002267 0.003253 


E(BASE) = 5,000 PSI 
IRE PRESSURE /]40 PSI 70 PSI 100 PSI 


4oPsi |7orsi 
STRAIN TOP [E(SG) = 2,500 PSI | 0.006602] 0.007911] 0.008607 
OF SUBGRADE |E(S0) = 5,000 PS 
= 10, 0.002094} 0.002627] 0.002914 


E(BASE) = 10,000 PSI 
IRE PRESSURE 
STRAIN TOP E(SG) = 2,500 PSI 0.005337} 0.006211]f 0.006671 
OF SUBGRADE JE(SG) = 5,000 PSI 0.003301] 0.003956] 0.004304 
E(SG) = 10,000 PSIf 0.001913] 0.002353} 0.002589 

E(BASE) = 20,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI | 0.004068] 0.004587} 0.004864 
E(SG) = 5,000 PSI | 0.002668] 0.003105] 0.003335 
E(SG) = 10,000 PSI} 0.001650] 0.001978} 0.002152 


E(BASE) = 30,000 PSI 
IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI | 0.002700] 0.003757] 0.003956 
E(SG) = 5,000 PSI | 0.002288] 0.002618] 0.002791 
E(SG) = 10,000 PSI] 0.001469] 0.001731] 0.001869 
E(BA S 


BASE) = AGGREGATE ELASTIC MODULU 
E(SG) = SUBGRADE ELASTIC MODULUS 
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TABLE B.7 
STRAIN AT TOP OF SUBGRADE FOR A 12 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 4,250 LB./TIRE 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
STRAIN TOP E(SG) = 2,500 PSI 0.005961 0.006390 0.006692 
OF SUBGRADE JE(SG) = 5,000 PSI 0.003107 0.003367 0.003534 
E(SG) = 10,000 PSI} 0.001586 0.001730 0.001818 
E(BASE) = 5,000 
IRE PRESSURE 100 PSI 
STRAIN TOP E(SG) = 2,500 PSI 0.004511 0.004653 0.004811 
OF SUBGRADE JE(SG) = 5,000 PSI 0.002651 0.002780 0.002898 
E(SG) = 10,000 PSI 0.001460 0.001558 0.001630 
E(BASE) = 10,000 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.003563 0.003667 0.003710 
E(SG) = 5,000 PSI 0.002256 0.002326 0.002406 
= 10, 0.001325 0.001390 0.001449 
E(BASE) = 20,000 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.002040 0.002183 0.002227 
E(SG) = 5,000 PSI } 0.001782] 0.001833] 0.001855 
E(SG) = 10,000 PSI 0.001128 0.001163 0.001203 
E(BASE) = 30,000 
E(SG) = 2,500 PSI 0.001750 0.002208 0.002227 
E(SG) = 5,000 PSI 0.001503 0.001544 0.001559 
E(SG) = 10,000 PSI 0.000991 0.001021 0.001042 
SE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.8 
STRAIN AT TOP OF SUBGRADE FOR A 12 INCH AGGREGATE 
ROAD, TANDEM AXLE, TIRE LOAD OF 3,750 LB./TIRE 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
STRAIN TOP  |E(SG) = 2,500 PSI 0.004783] 0.005261] 0.005502 
OF SUBGRADE |E(SG) = 5,000 PSI 0.002508] 0.002795} 0.002928 
=H0: 0.001291] 0.001443} 0.001513 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.003507) 0.003670] 0.003806 
E(SG) = 5,000 PSI 0.002097] 0.002247] 0.002341 
= 0.001168] 0.001278] 0.001336 
E(BASE) = 10,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.002703] 0.002774] 0.002856 
E(SG) = 5,000 PSI 0.001753} 0.001835] 0.001903 
E(SG)=10,000PSi} 0.001049] 0.001124] 0.001170 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 0.001937] 0.001983] 0.002002 
E(SG) = 5,000 PSI 0.001352} 0.001387] 0.001428 
E(SG) = 10,000PSi} 0.000877] 0.000918] 0.000952 
E(BASE) = 30,000 PSI 
E(SG) = 2,500 PSI 0.001550] 0.001588 
OF SUBGRADE |E(SG) = 5,000 PSI 0.001121} 0.001149 
E(SG) = 10,000 PSI] 0.000760] 0.000785 
NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.9 
STRAIN AT TOP OF SUBGRAGE FOR 12 INCH AGGREGATE ROAD, 
TANDEM AXLE, TIRE LOAD OF 3,250 LB./TIRE. 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.004185} 0.004650] 0.004837 
E(SG) = 5,000 PSI 0.002245] 0.002472] 0.002576 
E(SG) = 10,000 PSI} 0.001157} 0.001277] 0.001332 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
STRAIN TOP _[E(SG) = 2,500 PSI 0.003067] 0.003232] 0.003338 
OF SUBGRADE |JE(SG) = 5,000 PSI 0.001835} 0.001983} 0.002055 
E(SG) = 10,000 PSIf 0.001031} 0.001129] 0.001174 
~ E(BASE) = 10,000 PSI 
IRE PRESSURE 100 PSI 
STRAIN TOP —_[E(SG) = 2,500 PSI 0.002363] 0.002432] 0.002501 
E(SG) = 5,000 PSI 0.001533] 0.001616] 0.001669 
E(SG) = 10,000 PSI} 0.000917] 0.000991] 0.001028 
E(BASE) = 20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 0.001692] 0.001725] 0.001750 
E(SG) = 5,000 PSI 0.001180} 0.001216] 0.001250 
= 10, 0.000767} 0.000808} 0.000834 
E(BASE) = 30,000 PSI 
IRE PRESSURE 
E(SG) = 2,500 PSI 0.001360] 0.001381] 0.001390 
E(SG) = 5,000 PSI 0.000979] 0.000999] 0.001022 
E(SG) = 10,000 PSIf 0.000665] 0.000691] 0.000711 
E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.10 
STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE, E=150,000 PSI 


E(BASE)=1,000 PSI 


TIRE PRESSURE ]40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 0.002614] 0.004125] 0.005273 
OF ASPHALT E(SG) =5,000 PSI 0.002450] 0.003947} 0.005090 
E(SG) =10,000 PSIf 0.002358} 0.003847] 0.004986 


STRAIN TOP E(SG) =2,500 PSI 0.005232} 0.005956] 0.006298 
OF SUBGRADE E(SG) =5,000 PSI 0.002722] 0.003124} 0.003315 
| E(SG) =10,000 PSI} 0.001384] 0.001597] 0.001697 


E(BASE)=5,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 0.000830] 0.001599] 0.002286 
E(SG) =10,000 PSI} 0.000739] 0.001495} 0.002175 

STRAIN TOP E(SG) =2,500 PSI 0.004808} 0.005601 

OF SUBGRADE E(SG) =5,000 PSI 0.002902] 0.003450] 0.003721 


E(BASE)=10,000 PSI 


TIRE PRESSURE j40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI | 0.000342] 0.000800] 0.001263 
OF ASPHALT E(SG) =5,000 PSI | 0.000346} 0.000809] 0.001271 
E(SG) =2,500 PSI | 0.003852] 0.004466] 0.004774 
E(SG) =5,000 PSI | 0.002526} 0.003000} 0.003239 
E(SG) =10,000 PSI} 0.001527 


E(BASE)=20,000 PSI 


TIRE PRESSURE {40PSI 70 PSI 100 PSI 
0.000263 


OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI | 0.002842 
OF SUBGRADE _|E(SG) =5,000 PSI | 0.001996 
E(SG) =10,000 PSI] 0.001305 


E(BASE)=30,000 PSI 
STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.11 
STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE, E=150,000 PSI 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI 0.002749} 0.004274} 0.005539 

E(SG) =10,000 PSI} 0.002424} 0.003959} 0.005212 

STRAIN TOP E(SG) =2,500 PSI 0.005780} 0.006685] 0.007121 

OF SUBGRADE E(SG) =5,000 PSI 0.002999] 0.003501} 0.003743 
E(BASE)=5,000 PSI 


IRE PRESSURE |[40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI 0.000906] 0.001578} 0.002298 
OF ASPHALT E(SG) =5,000 PSI 0.000842} 0.0015117 0.002226 
STRAIN TOP E(SG) =2,500 PSI 0.005278] 0.006253] 0.006746 
E(SG) =10,000 PSIf 0.001761] 0.002175] 0.002387 

E(BASE)=10,000 PSI 


| 
STRAIN BOTTOM JE(SG) =2,500 PSI 0.000395; 0.000754] 0.001224 
OF ASPHALT E(SG) =5,000 PSI 0.000408; 0.000764] 0.001233 
STRAIN TOP E(SG) =2,500 PSI 0.004239] 0.004989] 0.005375 
OF SUBGRADE E(SG) =5,000 PSI 0.002757] 0.003334} 0.003634 
E(BASE)=20,000 PSI 


IRE PRESSURE [40PSI 70 PSI 00 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI | 0.000036] 0.000210] 0.000477 
OF ASPHALT E(SG) =5,000 PSI | 0.000097] 0.000254] 0.000518 
E(SG) =10,000 PSI 0.000567 
STRAIN TOP E(SG) =2,500 PSI | 0.003143] 0.003643] 0.003904 
OF SUBGRADE _|E(SG) =5,000 PSI | 0.002189] 0.002611] 0. 
E(BASE)=30,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 0.000109} 0.000108} 0.000205 
OF ASPHALT E(SG) =5,000 PSI 0.000079] 0.000094] 0.000271 
STRAIN TOP E(SG) =2,500 PSI 0.002583) 0.002961 
OF SUBGRADE E(SG) =5,000 PSI 0.001853} 0.002184 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.12 
STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE, E=150,000 PSI 


E(BASE)=1,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI | 0.002993] 0.004386] 0.005747 
OF ASPHALT E(SG) =5,000 PSI | 0.002764] 0.004162] 0.005514 
E(SG) =10,000 PSI} 0.002635] 0.004036] 0.005381 


STRAIN TOP E(SG) =2,500 PSI 0.006282] 0.007373] 0.007911 
OF SUBGRADE E(SG) =5,000 PSI 0.003250} 0.003855} 0.004153 
E(SG) =10,000 PSI} 0.001646] 0.001966} 0.002124 


E(BASE)=5,000 PSI 
OPSI 
STRAIN BOTTOM JE(SG) =2,500 PSI ; ; 
OF ASPHALT E(SG) =5,000 PSI : 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 0.005705] 0.006862 
OF SUBGRADE E(SG) =5,000 PSI 0.003395] 0.004191 
E(SG) =10,000 PSI} 0.001879] 0.002369} 0.002627 


E(BASE)=10,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 0.000441} 0.000708] 0.001179 
OF ASPHALT E(SG) =5,000 PSI 0.000457] 0.000721} 0.001190 
0.000466] 0. 


E(SG) = 0.000726} 0.001194 


STRAIN TOP E(SG) =2,500 PSI 0.0045947F 0.005480} 0.005948 
OF SUBGRADE E(SG) =5,000 PSI 0.002964} 0.003644]; 0.004007 
E(SG) =10,000 PSIf 0.001764] 0.002231] 0.002482 


E(BASE)=20,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI | 0.000091] 0.000160] 0.000420 
OF ASPHALT E(SG) =5,000 PSI | 0.000114] 0.000220} 0.000480 
STRAIN TOP E(SG) =2,500 PSI [ 0.003423] 0.004012] 0.004328 
OF SUBGRADE __JE(SG) =5,000 PSI | 0.002364] 0.002859] 0.003127 
E(BASE)=30,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI | 0.000120] 0.000123] 0.000151 
OF ASPHALT E(SG) =5,000 PSI | 0.000087] 0.000088] 0.000226 
E(SG) =10,000 PSI} 0.000049] 0.000112] 0.000282 


STRAIN TOP E(SG) =2,500 PSI | 0.002823] 0.003267] 0.003506 
OF SUBGRADE _[E(SG) =5,000 PSI | 0.002009] 0.002398] 0.002609 
E(SG) =10,000 PSI] 0.001342} 0.001657] 0.001829 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.13 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 11 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE, E=1,000,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP 
OF SUBGRADE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP 
OF SUBGRADE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP 
OF SUBGRADE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP 
OF SUBGRADE 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP 
OF SUBGRADE 


NOTE: 


E(BASE)=1,000 PSI 


TIRE PRESSURE {40 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


E(SG) =2,500 PSI 


0.001088 
0.000989 


0.001376 
0.001282 
0.001227 


0.001593 
0.001498 
0.001442 


E(BASE)=5,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


TIRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


E(BASE)=10,000 PSI 


40 PSI 70 PSI 100 PSI 


E(BASE)=20,000 PSI 


TIRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


40 PSI 70 PSI 100 PSI 


E(BASE)=30,000 PSI 
TIRE PRESSURE 140 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE B.14 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE, E=1,000,000 PSI 


STRAIN BOTTOM {E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


0.001214 
0.001101 
0.001034 
0.003923 
0.002035 
0.001030 


0.001490 
0.001383 
0.001320 
0.004059 
0.002109 
0.001069 


E(BASE)=5,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 


0.004110 
0.002420 
0.001338 


0.004493 
0.002719 
0.001523 


E(BASE)=10,000 PSI 


0.001736 
0.001627 
0.001562 
0.004111 
0.002138 
0.001083 


100 PSI 


0.004697 
0.002861 
0.001611 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE [40PSI 70 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.000473 
0.000411 
0.000358 
0.003546 
0.002299 
0.001372 


0.000668 
0.000608 
0.000557 
0.003947 
0.002608 
0.001585 


E(BASE)=20,000 PSI 


0.000279 
0.000253 
0.000225 


0.000421 
0.000395 
0.000368 


E(BASE)=30,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


0.002294 
0.001664 
0.001133 


0.002552 
0.001891 
0.001318 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


0.000844 
0.000782 
0.000729 
0.004141 
0.002757 
0.001689 


00 PSI 


0.000560 
0.000533 
0.003239 





0.002681 
0.002005 
0.001412 








TABLE B.15 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 1 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE, E=1,000,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =10,000 Ps! 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __|E(SG) =5,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
pr suacRoe E(SG) =10,000 PS! 


0.001332 
0.001206 
0.001131 
0.004396 
0.002280 
0.001153 


0.000753 
0.000644 
0.000563 
0.004617 
0.002680 
0.001461 


0.001592 
0.001472 
0.001401 
0.004574 
0.002376 
0.001204 


0.000972 
0.000867 
0.000790 
0.004996 
0.003015 
0.001685 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 


00 PSI 


0.001869 


E(BASE)=5,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 


00 PSI 


0.001197 
0.001089 
0.001009 
0.005249 
0.003190 
0.001794 


E(BASE)=10,000 PSI 


40 PSI 70 PSI 100 PSI 


TIRE PRESSURE 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE {40PSI 70 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


NOTE: 


0.000518 
0.000449 
0.000390 
0.003956 
0.002514 
0.001493 


0.000307 
0.000277 
0.000247 
0.003057 
0.002117 
0.001367 


0.000203 
0.000191 
0.000176 
0.002533 
0.001820 
0.001230 


0.000694 
0.000627 
0.000569 
0.004380 
0.002886 
0.001749 


0.000429 
0.000400 
0.000370 
0.003423 


0.002437) 


0.001613 


0.000294 
0.000282 
0.000266 
0.002834 
0.002092 
0.001451 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


0.000884 
0.000814 
0.000754 
0.004622 
0.003070 
0.001876 


E(BASE)=20,000 PSI 


100 PSI 
0.000576 


0.003614 
0.002599 
0.001738 


E(BASE)=30,000 PSI 


IRE PRESSURE /40PSI 70 PSI 


100 PSI 


0.000415 
0.000401 
0.000385 
0.002991 
0.002230 
0.001565 








TABLE B.16 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE, E=150,000 PSI 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


0.001942 
0.001 781 
0.001685 
0.003290 
0.001719 
0.000874 


STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 


0.002421 
0.002270 
0.002069 
0.003386 
0.001772 
0.000902 


E(BASE)=5,000 PSI 


IRE PRESSURE [40PSI 70 ae st _ 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) = =5,000 PSI 
STRAIN TOP EGG) = 7500 PSI 
OF SUBGRADE __ JE(SG) =5,000 PSI 
OF SUBCRADE E(SG) =10,000 PS! 


0. 003385 
0.002022 
0.001130 


0.003640 
0.002224 
0.001256 


E(BASE)=10,000 PSI 


IRE PRESSURE  [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 


0.000671 
0.000615 
0.000567 
0.002894 
0.001899 
0.001147 


E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.001005 
0.000945 
0.000894 
0.003168 
0.002102 
0.001290 


E(BASE)=20,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 
0.000351 


STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.000339 
0.000325 
0.002253 
0.001588 
0.001042 


STRAIN TOP 
OF SUBGRADE 


0.000589 
0.000575 
0.000561 
0.002462 
0.001765 
0.001179 


E(BASE)=30,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


STRAIN BOTTOM 
OF ASPHALT 


0.000201 
0.000206 
0.000208 
0.001881 
0.001368 
0.000937 


E(SG) =2,500 PSI 
E(SG) =10,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 


NOTE: 


0.000384 
0.000389 
0.000391 
0.002052 
0.001519 
0.001060 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


0.002795 
0.002642 
0.002470 
0.003423 
0.001792 
0.000912 


0.001263 
0.001202 
0.001149 
0.003285 
0.002202 
0.001358 


00 PSI 


0.000787 
0.000773 
0.000758 
0.002562 
0.001850 
0.001245 


0.000545 
0.000549 
0.000552 


0.002135 


0.001592 
0.001120 








TABLE B.17 
STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE, E=150,000 PSI 


E(BASE)=1,000 PSI 
OPS [70PS|___[100 PSI 
0.002172 0.002626] 0.003049 
0.001989 0.002453] 0.002872 
0.001880 0.002350] 0.002768 
0.003756 0.003885] 0.003934 
0.001961 0.002032} 0.002060 
0.000997 0.001034 0.001048 

E(BASE)=5,000 PSI 
0.001159 0.001543 
0.001024 0.001415 


IRE PRESSURE 
STRAIN BOTTOM {E(SG) =2,500 PSI 
OF ASPHALT =5, 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


00 PSI 
0.001885 
0.001754 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
GGREG 


NOTE: E(BASE) = AGGREGATE 
E(SG) = SUBGRADE ELASTIC MODULUS 


STRAIN BOTTOM 
OF ASPHALT 


0.000923 
0.003872 
0.002282 
0.001259 


0.001319 
0.004125 
0.002514 
0.001417 


E(BASE)=10,000 PSI 


0.000742 
0.000671 
0.000610 
0.003277 
0.002118 
0.001274 


40PS| 70 PSI 


0.001051 
0.000983 
0.000925 
0.003577 
0.002375 
0.001452 


E(BASE)=20,000 PSI 


0.000383 
0.000367 
0.000350 
0.002526 
0.001771 
0.001155 


40PSI 70 PSI 


0.000600 
0.000584 
0.000568 
0.002786 
0.001991 
0.001325 


E(BASE)=30,000 PSI 


0.000216 
0.000222 
0.000225 
0.002111 
0.001527 
0.001039 


40PSI| 70 PSI 


0.000380} 
0.000386 
0.000389 
0.002323 
0.001713 
0.001191 


ELASTIC MODULUS 


1 


1 


0.001656 
0.004297 
0.002634 
0.001491 


00 PSI 


0.001333 
0.001263 
0.001203 
0.003737 
0.002499 
0.001538 


00 PSI 


0.000811 
0.000795 
0.000778 
0.002913 
0.002098 
0.001409 


00 PSI 


0.000549 
0.000554 
0.000557 
0.002428 
0.001806 
0.001267 








TABLE B.18 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE, E=150,000 PSI 


IRE PRESSURE 
STRAIN BOTTOM [JE(SG) =2,500 PSI 
OF ASPHALT =), 


’ 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __]E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(BASE)=1,000 PSI 


40PSI 


0.002381 
0.002176 
0.002055 
0.004210 
0.002197 
0.001116 


70 PSI 


0.002812 
0.002617 
0.002502 
0.004377 
0.002289 
0.001165 


E(BASE)=5,000 PSI 


0.001268 
0.001118 
0.001006 
0.004349 
0.002562 
0.001397 


40PSI 70 PSI 


0.001623 
0.001479 
0.001373 
0.004595 
0.002793 
0.001571 


E(BASE)=10,000 PSI 


00 PSI 


0.003284 
0.003085 
0.002967 
0.004442 
0.002325 
0.001183 


00 PSI 


0.001995 
0.001847 
0.001737 
0.004808 
0.002941 
0.001663 


IRE PRESSURE  j{40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __ JE(SG) =5,000 PS! 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


0.000812 
0.000733 
0.000666 
0.003686 
0.002344 
0.001390 


0.001090 
0.001014 
0.000949 
0.003980 
0.002634 
0.001605 


E(BASE)=20,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


0.000419 
0.000402 
0.000383 
0.002845 
0.001942 
0.001260 


0.000607 
0.000590 
0.000572 
0.003099 
0.002206 
0.001463 


0.001393 
0.001315 
0.001247 
0.004177 
0.002787 
0.001711 


0.000829 
0.000812} 
0.000793 
0.003255 
0.002339 
0.001566 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(BASE)=30,000 PSI 
E(SG) =2,500 PSI 0.000236 0.000374 0.000550 
E(SG) =5,000 PSI 
0.001677 0.001899 0.002013 


0.000243} 0.000380} 0.000556 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI | 0.001133] 0.001315] 0.001408 
E(BA 


0.000246 0.000384, 0.000559 
0.002377 0.002585] 0.002713 
NOTE: SE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


STRAIN BOTTOM 
OF ASPHALT 








TABLE B.19 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE, E=1,000,000 PSI 


IRE PRESSURE 
STRAIN BOTTOM }E(SG) =2,500 PSI 
OF ASPHALT =5, 


STRAIN TOP = 
OF SUBGRADE =5, 


IRE PRESSURE 
STRAIN BOTTOM {E(SG) =2,500 PSI 
OF ASPHALT =5, 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(BASE)=1,000 PSI 


0.000570 
0.000526 
0.000498 
0.001621 
0.000879 
0.000458 


40 PSI 70 PSI 


0.000630 
0.000589 
0.000561 
0.001656 
0.000900 
0.000469 


E(BASE)=5,000 PSI 


0.000442 
0.000387 
0.000342 
0.002105 
0.001298 
0.000737 


40 PSI 0 PSI 


0.000507 
0.000455 
0.000412 
0.002153 
0.001331 
0.000758 


E(BASE)=10,000 PSI 


00 PSI 


0.000651 
0.000623 


00 PSI 


0.000513 
0.000470 
0.002172 
0.001344 
0.000766 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _|JE(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
prsuecrace E(SG) =10,000 PSI 


NOTE: 


0.000369 
0.000323 
0.000281 
0.002004 
0.001319 
0.000798 


0.000434 
0.000391 
0.000351 
0.002048 
0.001351 
0.000820 


E(BASE)=20,000 PSI 


0.000280 
0.000250 
0.000219 
0.001715 
0.001198 
0.000778 


40 PSI 70 PSI 


0.000344 
0.000315 
0.000286 
0.001748 
0.001224 
0.000800 


E(BASE)=30,000 PSI 


IRE PRESSURE {[40PSI 70 PSI 100 PSI 


0.000224 
0.000203 
0.000181 
0.001493 
0.001074 
0.000726 


0.000285 
0.000265 
0.000243 
0.001519 
0.001097 
0.000759 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


0.000491 
0.000446 
0.000406 
0.002064 
0.001363 
0.000828 


00 PSI 


0.000395 
0.000366 
0.000336 
0.001760 
0.001237 
0.000824 


0.000333 
0.000313 
0.000291 
0.001532 
0.001127 
0.000784 








TABLE B.20 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE, E=1,000,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(BASE)=1,000 PSI 


0.000598 
0.000553 
0.000523 
0.001776 
0.000964 
0.000502 


40 PSI 70 PSI 


0.000651 
0.000607 
0.000578 
0.001820 
0.000990 
0.000517 


00 PS! 


0.000716 
0.000671 
0.000642 
0.001838 
0.001001 
0.000522 


E(BASE)=5,000 PSI 


40 PSI 70 PSI 00 PSI 


IRE PRESSURE 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAINTOP  [E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PS! 
E(SG) =10,000 PSI 


TIRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __ JE(SG) =5,000 Ps! 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE = 


NOTE: 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


0.000471 
0.000412 
0.000364 
0.002325 
0.001436 
0.000817 


0.000526 
0.000470 
0.000424 
0.002387 
0.001479 
0.000844 


E(BASE)=10,000 PSI 


0.000397 
0.000348 
0.000303 
0.002229 
0.001468 
0.000890 


40 PSI 70 PSI 


0.000453 
0.000406 
0.000363 
0.002285 
0.001510 
0.000918 


E(BASE)=20,000 PSI 


0.000306 
0.000272 
0.000239 
0.001922 
0.001343 


40 PSI 70 PSI 


0.000360 
0.000328 
0.000296 
0.001966 
0.001377 


0.000873], 0.000898 
E(BASE)=30,000 PSI 


40 PSI 70 PSI 


0.000248 
0.000224 
0.000199 
0.001682 
0.001210 
0.000818 


0.000300 
0.000277 
0.000253 
0.001717 
0.001238 
0.000843 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


0.000531 
0.000484 
0.002411 
0.001495 
0.000854 


00 PSI 


0.000511 
0.000463 
0.000420 
0.002306 
0.001526 
0.000929 


00 PSI 


0.000414 
0.000381 
0.000349 
0.001982 
0.001390 
0.000916 


00 PSI 


0.000350 
0.000327 
0.000302 
0.001729 
0.001257 
0.000873 








TABLE B.21 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 2 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE, E=1,000,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =10,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
oes 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =10,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _|E(SG) =5,000 PSI 
OF SUBCRADE E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =10,000 PS! 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __|E(SG) =5,000 PSI 


STRAIN BOTTOM 


OF ASPHALT 





E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ ]E(SG) =5,000 PsI 
prsuecce E(SG) =10,000 PSI 


NOTE: 


E(BASE)=1,000 PSI 


TIRE PRESSURE j40 PSI 70 PSI 


0.000709 
0.000653 
0.000617 
0.002086 
0.001130 
0.000588 


0.000772 
0.000718 
0.000677 
0.002147 
0.001165 
0.000607 


E(BASE)=5,000 PSI 


0.000549 
0.000479 
0.000421 
0.002707 
0.001666 
0.000944 


0.000607 
0.000539 
0.000484 
0.002790 
0.001723 
0.000980 


E(BASE)=10,000 PSI 


IRE PRESSURE /[40PSI 70 PSI 100 PSI 


0.000458 
0.000399 
0.000346 
0.002579 
0.001694 
0.001023 


0.000516 
0.000459 
0.000408 
0.002655 
0.001750 
0.001061 


E(BASE)=20,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


0.000346 
0.000307 
0.000268 
0.002209 
0.001540 
0.000998 


0.000402 
0.000364 
0.000327 
0.002268 
0.001587 
0.001032 


E(BASE)=30,000 PSI 


0.000278 


0.000250} 


0.000222 
0.001926 
0.001383 
0.000933 


0.000329 
0.000303} 
0.000275 
0.001973 
0.001421 
0.000963 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


00 PSI 


40 PSI 70 PSI 100 PSI 


0.000682 


0.001746 
0.000994 


0.000586 
0.000528 
0.000477 
0.002684 
0.001771 
0.001075 


0.000466 
0.000428 
0.000389 
0.002290 
0.001604 
0.001054 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


0.000388 
0.000361 
0.000333 
0.001990 
0.001445 
0.001002 








TABLE B.22 


STRAINS INDUCED BY A TANDEM AXLE ON A 3 INCH ASPHALT 


CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE. 


E(AC)=150,000 PSI 
TIRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ ]E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 


E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


NOTE: 





E(BASE)=1000 PSI 


70 PSI 


40PSI 


0.001418 
0.001340 
0.001291 
0.002071 
0.001108 
0.000572 


E(BASE)=5,000 PSI 


70 PSI 


40PS| 


0.000865 
0.000796 
0.000741 
0.002323 
0.001434 
0.000816 


0.001619 
0.001543 
0.001497 
0.002121 
0.001136 
0.000588 


0.001070 
0.001004 
0.000952 
0.002382 
0.001474 
0.000841 


00 PSI 


0.001801 
0.001725 
0.001678 
0.002141 
0.001148 
0.000594 


00 PSI 


0.001232 
0.001165 
0.001113 
0.002405 
0.001490 
0.000851 


E(BASE)=10,000 PSI 


0.000604 
0.000564 
0.000528 
0.001996 
0.001332 
0.000817 


40PSI 70 PSI 


0.000796 
0.000758 
0.000724 
0.002043 
0.001367 
0.000841 


00 PSI 


0.000940 
0.000902 
0.000867 
0.002061 
0.001381 
0.000850 


E(BASE)=20,000 PSI 


0.000362 
0.000351 
0.000339 
0.001542 
0.001099 
0.000730 


40PSI 70 PSI 


0.000524 
0.000512 
0.000499 
0.001574 
0.001125 
0.000749 


00 PSI 


0.000643 
0.000632 
0.000619 
0.001586 
0.001135 
0.000756 


E(BASE)=30,000 PSI 


40PSI 


0.000246 
0.000245 
0.000243 
0.001282 
0.000893 
0.000650 


0 PSI 


0.000381 
0.000380 
0.000378 
0.001306 
0.000960 
0.000665 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


00 PSI 


0.000484 
0.000483 
0.000481 
0.001315 








TABLE B.23 
STRAINS INDUCED BY A TANDEM AXLE ON A 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE. 


E(AC)=150,000 PSI E(BASE)=1,000 PSI 
IRE PRESSURE __|40PSI 00 PSI 
STRAIN BOTTOM [E(SG) =2,500 PSI 0.001595] 0.001784] 0.001993 
OF ASPHALT E(SG) =5,000 PSI 0.001505} 0.001698} 0.001906 
E(SG) =10,000 PSI 0.001450] 0.001645] 0.001852 


STRAIN TOP E(SG) =2,500 PSI 0.002369; 0.002435] 0.002462 
SUBGRADE E(SG) =5,000 PSI 0.001267} 0.001304) 0.001320 
E(SG) =10,000 PSI 0.000654 0.000674]; 0.000683 


E(BASE)=5,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 0.000969] 0.001163] 0.001346 

0.000890} 0.001087] 0.001270 

E(SG) =10,000 PSI 0.000827} 0.001028] 0.001209 

STRAIN TOP E(SG) =2,500 PSI 0.002656] 0.002734] 0.002765 

SUBGRADE E(SG) =5,000 PSI 0.001638] 0.001692} 0.001713 

SUBGRADE E(SG) =10,000 PSI 0.000932} 0.000964} 0.000977 
E(BASE)=10,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI 0.000675] 0.000855} 0.001016 
OF ASPHALT 0.000630} 0.000811] 0.000973 
E(SG) =10,000 PSI 0.000589] 0.000772] 0.000933 
STRAIN TOP E(SG) =2,500 PSI 0.002283] 0.002346] 0.002371 
E(SG) =5,000 PSI 0.001522} 0.001569] 0.001588 
E(SG) =10,000 PSI 0.000933} 0.000964] 0.000977 

| E(BASE)=20,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


STRAIN BOTTOM [E(SG) =2,500 PSI 0.000402] 0.000553] 0.000686 
E(SG) =5,000 PSI 0.000388] 0.000540} 0.000673 
0.000373] 0.000525} 0.000658 
STRAIN TOP E(SG) =2,500 PSI 0.001766] 0.001809] 0.001825 
SUBGRADE =5 0.001257] 0.001292} 0.001305 
SuEGRACE , 0.000834} 0.000859} 0.000869 
E(BASE)=30,000 PSI 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 0.000268] 0.000396] 0.000509 
0.000266] 0.000395] 0.000508 
E(SG) =10,000 PSI 0.000263] 0.000392] 0.000505 
STRAIN TOP E(SG) =2,500 PSI 0.001469] 0.001502] 0.001514 
SUBGRADE E(SG) =5,000 PSI 0.001076} 0.001104) 0.001114 
SUEGRADE E(SG) =10,000 PSI 0.000743} 0.000764] 0.000776 
NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 

E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE B.24 
STRAINS INDUCED BY A TANDEM AXLE ON A 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE. 


E(AC)=150,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 
















E(BASE)=1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) =2,500 PSI 0.001761] 0.001940] 0.002176 
E(SG) =5,000 PSI 0.001661] 0.001843} 0.002077 
E(SG) =10,000 PS! 0.001599] 0.001783} 0.002016 


STRAIN TOP E(SG) =2,500 PSI 0.002661} 0.002747} 0.002781 
OF SUBGRADE E(SG) =5,000 PSI 0.001422] 0.001471] 0.001490 
E(SG) =10,000 PSI 0.000734; 0.000760} 0.000771 


























E(BASE)=5,000 PSI 
40PSI 
E(SG) =2,500 PSI 0.001065] 0.001248] 0.001451 
E(SG) =5,000 PSI 0.000977} 0.001163} 0.001365 
E(SG) =10,000 PSI 0.000906} 0.001096] 0.001297 
STRAIN TOP E(SG) =2,500 PSI 0.002983] 0.003083] 0.003123 
OF SUBGRADE E(SG) =5,000 PSI 0.001838] 0.001907] 0.001934 
prsuEcRie E(SG) =10,000 PSI 0.001044] 0.001086} 0.001103 





E(BASE)=10,000 PSI 
STRAIN BOTTOM E(SG) =2,500 PSI 0.000740} 0.000908} 0.001086 
OF ASPHALT E(SG) =5,000 PSI 0.000690} 0.000859} 0.001037} 
E(SG) =10,000 PSI 0.000643] 0.000815] 0.000992 


STRAIN TOP E(SG) =2,500 PSI 0.002565} 0.002646} 0.002678 
OF SUBGRADE E(SG) =5,000 PSI 0.001708} 0.001769F 0.001793 
E(SG) =10,000 PSI 0.001046; 0.001087} 0.001103 


E(BASE)=20,000 PSI 
E(SG) =2,500 PSI 0.000439] 0.000578] 0.000722 
E(SG) =5,000 PSI 0.000424} 0.000563} 0.000707 
E(SG) =10,000 PSI 0.000407] 0.000547} 0.000690 


STRAIN TOP E(SG) =2,500 PSI 0.001986] 0.002042] 0.002063 
OF SUBGRADE E(SG) =5,000 PSI 0.001412] 0.001458} 0.001475 
E(SG) =10,000 PSI 0.000936) 0.000969} 0.000982 


E(BASE)=30,000 PSI 
E(SG) =2,500 PSI 0.000292] 0.000408} 0.000530 
E(SG) =5,000 PSI 0.000290] 0.000407} 0.000529 
E(SG) =10,000 PSI 0.000287] 0.000404} 0.000526 


STRAIN TOP E(SG) =2,500 PSI 0.001653] 0.001696) 0.001712 
OF SUBGRADE E(SG) =5,000 PSI 0.001210} 0.001245} 0.001259 
E(SG) =10,000 PSI 0.000835; 0.000862} 0.000872 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


+ 








4 








+4 















TABLE B.25 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,250 LBS/TIRE, E=1,000,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 
E(SG) =10,000 PSI 

STRAIN TOP E(SG) =2,500 PSI 

apne 
E(SG) =10,000 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 
OF ASPHALT __|E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE_ |E(SG) =5,000 PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 
OF ASPHALT _ |E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE — {E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(BASE)=1,000 PSI 


0.000334 
0.000316 
0.000305 
0.000889 
0.000482 
0.000251 


0.000361 
0.000343 
0.000332 
0.000902 
0.000489 
0.000255 


E(BASE)=5,000 PSI 


IRE PRESSURE {[40PSI 70 PSI 100 PSI 


0.000281 
0.000257 
0.000237 
0.001219 
0.000766 
0.000446 


0.000309 
0.000286 
0.000267 
0.001240 
0.000781 
0.000456 


E(BASE)=10,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


0.000247 
0.000225 
0.000205 
0.001197 
0.000805 
0.000503 


0.000275 
0.000254 
0.000235 
0.001218 
0.000822 
0.000515 


1 


00 PSI 


0.000391 
0.000373 
0.000362 
0.000907 
0.000492 
0.000257 


0.000338 
0.000314 
0.000295 
0.001248 
0.000788 
0.000460 


0.000303 
0.000282 
0.000263 
0.001226 
0.000828 
0.000520 


E(BASE)=20,000 PSI 
0 PSI 100 PSI 


TIRE PRESSURE  [40PSI 


STRAIN BOTTOM JE(SG) =2,500 PSI 

OF ASPHALT E(SG) =5,000 PSI 
E(SG) =10,000 PSI 

STRAIN TOP E(SG) =2,500 PSI 


OF SUBGRADE 


STRAIN BOTTOM JE(SG) =2,500 PSI 
OF ASPHALT __|E(SG) =5,000 PSI 
STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE__|E(SG) =5,000 PSI 
OF SuBGRADE E(SG) =10,000 PSI 


NOTE: 


0.000200 
0.000184 
0.000169 


0.000755 


0.000230 
0.000214 
0.000199 
0.001079 
0.000771 
0.000519 


E(BASE)=30,000 PSI 


IRE PRESSURE [40PSI 0 PSI 100 PSI 


0.000160 
0.000157 
0.000145 
0.000943 
0.000690 
0.000481 


0.000198 
0.000187 
0.000175 
0.000959 
0.000704 
0.000492 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


0.000223 
0.000212 
0.000200 
0.000966 
0.000710 
0.000497 








TABLE B.26 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 3,750 LBS/TIRE, E=1,000,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE __|E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


E(BASE)=1,000 PSI 


0.000378 
0.000357 
0.000344 
0.001021 
0.000553 
0.000288 


40PSI 70 PSI 


0.000403 
0.000382 
0.000370 
0.001038 
0.000563 
0.000293 


E(BASE)=5,000 PSI 


0.000318 
0.000290 
0.000268 
0.001397 
0.000878 
0.000511 


0.000344 
0.000317 
0.000295 
0.001425 
0.000898 
0.000524 


E(BASE)=10,000 PSI 


1 


00 PSI 


0.000436 
0.000416 
0.000403 
0.001045 
0.000567 
0.000295 


40PSI 70 PSI 100 PSI 


0.000377 
0.000349] 
0.000327 
0.001437 
0.000906 
0.000529 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 


OF ASPHALT 


E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
STRAIN TOP E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 





NOTE: 


0.000278 
0.000253 
0.000231 
0.001372 
0.000922 
0.000576 


0.000305 
0.000281 
0.000259 
0.001400 
0.000944 
0.000592 


E(BASE)=20,000 PSI 


0.000225 
0.000207 
0.000189 
0.001217 
0.000865 
0.000580 


40PSI 70 PSI 


0.000253 
0.000236 
0.000218 
0.001241 
0.000886 
0.000596 


E(BASE)=30,000 PSI 


0.000190 
0.000176 
0.000162 
0.001082 
0.000791 
0.000551 


IRE PRESSURE }40PSI 70 PSI 


0.000218} 
0.000204 
0.000191 

0.001103 
0.000809 
0.000565 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


1 


1 


0.000337 
0.000312 
0.000290 
0.001412 
0.000953 
0.000598 


00 PSI 


0.000283 
0.000265 
0.000247 
0.001251 
0.000894 
0.000603 


00 PSI 


0.000246 
0.000233 
0.000219 
0.001111 








TABLE B.27 


STRAINS INDUCED BY A TANDEM AXLE LOAD ON A 3 INCH ASPHALT 
CONCRETE PAVEMENT, TIRE LOAD = 4,250 LBS/TIRE, E=1,000,000 PSI 


IRE PRESSURE 
STRAIN BOTTOM [E(SG) =2,500 PSI 
OF ASPHALT =5, 


STRAIN TOP E(SG) =2,500 PSI! 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
=5,000 PSI 

E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN TOP 
OF SUBGRADE 


IRE PRESSURE 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN BOTTOM 
OF ASPHALT 


STRAIN BOTTOM 
OF ASPHALT 


0PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


STRAIN TOP E(SG) =2,500 PSI 
OF SUBGRADE _ |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


NOTE: 


E(BASE)=1,000 PS! 
0.000420} 0.000451 
0.0003971 0.000427 
0.000382} 0.000412 
0.001151 0.001173 
0.000623] 0.000636 
0.000324] 0.000331 

E(BASE)=5,000 PSI 
0.000353} 0.000381 
0.000322} 0.000349 


00 PSI 
0.000481 
0.000458 
0.000443 
0.001182 
0.000641 
0.000334 


00 PSI 
0.000414 
0.000383 


0.000296 
0.001574 
0.000988 
0.000574 


0.000323 
0.001610 
0.001014 
0.000591 


E(BASE)=10,000 PSI 


0.000308 
0.000280 
0.000255 
0.001545 
0.001037 
0.000647 


40PSI 70 PSI 


0.000334 
0.000306 
0.000282 
0.001581 
0.001065 
0.000667 


E(BASE)=20,000 PSI 


0.000249 
0.000229 
0.000209 
0.001370 
0.000973 
0.000652 


0.000276 
0.000255 
0.000236 
0.001402 
0.001000 
0.000672 


E(BASE)=30,000 PSI 


0.000210 
0.000194 
0.000179 
0.001219 
0.000890 
0.000619 


0.000236 
0.000221 
0.000206 
0.001246 
0.000913 
0.000638 


E(SG) = SUBGRADE ELASTIC MODULUS 


1 


E(BASE) = AGGREGATE ELASTIC MODULUS 


0.000358 
0.001624 
0.001024 
0.000598 


00 PSI 


0.000341 
0.000317 
0.001596 
0.001077 
0.000675 


40PSI 70 PSI 100 PSI 


0.000309 
0.000288 
0.000269} 
0.001414 
0.001010 
0.000681 


TIRE PRESSURE J[40PSI 70 PSI 100 PSI 
E(SG) =2,50 


0.000267 
0.000252 
0.000237 
0.001257 
0.000923 
0.000646 








Appendix C: Strains Induced by a Tandem Axle Load 
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TABLE C.1 


LOADS TO RUTTING FAILURE FOR A 4 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 3250 LBS. 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PSI 


40 PSI 70 PSI 100 PSI 


1 0 0 
29 3 1 
614 55 1 


E(BASE) =5,000 PSI 


40 PSI 70 PSI 100 PSI 


3 1 
a4 6 2 
749 80 26 


E(BASE) = 10,000 PSI 


40 PSI 70 PSI 100 PSI 


7 2 1 
7 12 5 
978 125 44 


E(BASE) = 20,000 PSI 
100 PSI 
22 6 3 
163 34 15 
1,629 260 103 
E(BASE) = 30,000 PSI 


IRE PRESSURE 40PSsI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


46 15 
300 73 
2,520 468 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.2 


LOADS TO RUTTING FAILURE FOR A 4 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 3,750 LBS. 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


LOADS TO 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PS! 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PS! 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = AGGREGATE ELASTIC MODULUS 


E(BASE) = 1,000 PSI 


40 PSI 70 PSI 100 PSI 


1 0 
30 2 
663 50 


E(BASE) =5,000 PSI 


40 PSI 70 PSI 100 PSI 


3 0 
42 5 
760 70 


E(BASE) = 10,000 PSI 


40 PSI 70 PSI 100 PSI 


6 1 
66 9 
950 106 


E(BASE) = 20,000 PSI 
100 PSI 
17 4 
136 26 
1,473 210 
E(BASE) = 30,000 PSI 


40 PSI 70 PSI 100 PS! 


10 





E(SG) = SUBGRADE ELASTIC MODULUS 


0 
1 
14 


0 
2 
21 


0 
3 
34 








TABLE C.3 
LOADS TO RUTTING FAILURE FOR A 4 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 4250 LBS. 


E(BASE) = 1,000 PSI 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 2 0 0 
E(SG) = 5,000 PSI 33 2 1 
E(SG) = 10,000 PSI 731 48 1 


E(BASE) =5,000 PSI 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 3 0 0 
E(SG) = 5,000 PSI 42 4 1 
E(SG) = 10,000 PSI 798 65 18 


E(BASE) = 10,000 PSI 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 5 1| 0 
E(SG) = 5,000 PSI 62 8 3 
E(SG) = 10,000 PSI 950 94 28 


E(BASE) = 20,000 PSI 


IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 13 3 
E(SG) = 5,000 PSI 118 21 
E(SG) = 10,000 PSI 1,383 178 
E(BASE) = 30,000 PSI 


IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 4 
E(SG) = 5,000 PSI 18 
E(SG) = 10,000 PSI 





E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.4 


LOADS TO RUTTING FAILURE FOR A 8 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 3250 LBS. 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PSI 


40 PSI 70 PSI 100 PSI 


2 


E(BASE) =5,000 PSI 
40Psif70Psi___—*f100 PS 
32 15 11 
aul 137 94 
4,244 ea 1,143 
E(BASE) = 10,000 PSI 
100 PSI 
98 52 
709 337 
7,085 3,063 
E(BASE) = 20,000 PSI 
00 PSI 
405 239 187 
2,186 1,159 870 
15,851 7,539 5,412 
E(BASE) = 30,000 PSI 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 





650 924 
2,747 
14,948 





E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.5 


LOADS TO RUTTING FAILURE FOR A 8 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 3,750 LBS. 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PS! 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PS! 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PS! 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PS! 


40 PS! 70 PS! 100 PSI 


S, 2 1 
96 33 20 
1,913 637 390 


E(BASE) =5,000 PSI 
100 PSI 
21 9 6 
219 86 57 
3,009 1,097 697 
E(BASE) = 10,000 PSI 


40 PSI 70 PS! 100 PSI 


63 23 


31 
474 209 144 


4,895 1,935 1,273 


E(BASE) = 20,000 PSI 
100 PS! 
252 141 108 
1,410 702 509 
10,602 4,678 3,216 
E(BASE) = 30,000 PSI 


IRE PRESSURE 40 PSI 70 PS! 100 PSI 


E(SG) = 2,500 PSI 635 380 299 

E(SG) = 5,000 PSI 3,071 1,640 1,226 

E(SG) = 10,000 PSI 19,360 9,131 6,484 
ASE) = AGGREGATE ELASTIC MODULUS 

E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE C.6 


LOADS TO RUTTING FAILURE FOR A 8 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 4.250 LBS. 


LOADS TO 
RUTTING 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PSI 


40 PSI 70 PSI 100 PSI 


4 1 
74 23 
1,489 447 


E(BASE) =5,000 PSI 


40 PSI 70 PSI 


1 
14 
260 


00 PSI 


E(BASE) = 10,000 PSI 
43 
339 
3,609 
E(BASE) = 20,000 PSI 
700 PSI 
168 90 67 
973 458 322 
7,586 3,118 2,065 
E(BASE) = 30,000 PSI 


00 PSI 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 


E(SG) = 10,000 PSI 


184 
769 
4,129 


239 
1,056 
6,016 


409 
2,075 
13,562 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.7 


LOADS TO RUTTING FAILURE FOR A 12 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 3,250 LBS. 


E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI ai 31 
E(SG) = 5,000 PSI 634 528 
E(SG) = 10,000 PSI 19,064 12,287 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 234 186 
E(SG) = 5,000 PSI 2,377 1,685 1,438 
E(SG) = 10,000 PSI 31,700 21,176 17,866 
E(BASE) = 10,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 745 656 580 
E(SG) = 5,000 PSI 5 243 4,163 3,609 
E(SG) = 10,000 PSI 53,172 37,789 32,113 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 3,344 3,063 2,874 
E(SG) = 5,000 PSI 16,696 14,678 12,997 
E(SG) = 10,000 PSI 117,340 93,343 80,824 
E(BASE) = 30,000 PSI 


E(SG) = 2,500 PSI 9,221 8,504 8,262 
E(SG) = 5,000 PSI 38,613 35,195 
E(SG) = 10,000 PSI 220,751 186, 708 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.8 


LOADS TO RUTTING FAILURE FOR A 12 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 3,750 LBS. 


LOADS TO 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PSI 
100 PSI 
21 18 
366 297 
7,107 5,738 
E(BASE) =5,000 PSI 
100 PSI 
128 105 
1,303 959 
18,071 12,159 
E(BASE) = 10,000 PSI 
100 PSI 
407 363 
2,874 2,354 
29,231 Zio 
E(BASE) = 20,000 PSI 
100 PSI 
1,819 1,640 1,572 
9,102 8,132 
64,271 52,635 
E(BASE) = 30,000 PSI 


319 
2,004 
17,934 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


5,007 
21,010 
120,715 


4,549 
18,918 
104,945 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.9 


LOADS TO RUTTING FAILURE FOR A 12 INCH AGGREGATE ROAD 
CAUSED BY A SINGLE AXLE, WITH TIRE LOAD OF 4,250 LBS. 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 


IRE PRESSURE 


3 


E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


IRE PRESSURE 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


E(BASE) = 1,000 PSI 
100 PSI 
19 16! 11 
353 228 181 
7,085 4,436 3,506 
E(BASE) =5,000 PSI 
100 PSI 
76 64 54 
592 592 484 
10,783 1,539 6,070 
E(BASE) = 10,000 PSI 
100 PSI 
241 211 
1,/07 1,438 
17,400 13,229 
E(BASE) = 20,000 PSI 
100 PSI 
1,075 954 
5 396 4718 
38,233 32,252 
E(BASE) = 30,000 PSI 


190 
1,201 
10,819 


912 
4,268 
26,880 


IRE PRESSURE 40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) = 10,000 PSI 


2,956 
12,460 
71,690 


2,640 
10,967 
62,456 


2,532 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE C.10 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 3,250 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
1INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 70PSI ‘100 PSI 


692 Se 
=5,000 PSI 
E(SG) =10,000 PSI 
A 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 4,613 3,506 
E(BASE)=5,000 PSI 


E(SG) =5,000 PSI 

E(SG) =10,000 PSI 

RUTTING | E(SG) =2,500 PSI 

FAILURE | E(SG) =5,000 PSI 
E(SG) =10,000 PSI 4,233 1,815 
E(BASE)=10,000 PSI 


| E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


E(SG) =10,000 PSI 


RUTTING | E(SG) =2,500 PSI 
FAILURE | E(SG) =5,000 PSI a 
E(SG) =10,000 PSI 5, ps 7” a 1,597 


E(BASE)= 2 000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI} 98,836,992 
E(SG) =10,000 PSI} 19,260,328 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSITO TENSION] 47,221,462 
E(SG) =5,000 PSIJO TENSION] 10,196,706 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 1,790 1,317 
E(SG) =10,000 PSI 9,072 6,311 





NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE C.11 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 3,750 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
1 INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40PSI _‘[70 PSI 100 PSI 
59 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI a 67 
E(SG) =10,000 PSI 72 
RUTTING | E(SG) =2,500 PSI 6 
hl = eee ee 
E(SG) =10,000 PSI 5, st 2,782 2,041 


E(BASE)=5,000 PSI 
E(SG) =2,500 PSI 23,213 3,646 
E(SG) =5,000 PSI 29,438 4,196 
E(SG) =10,000 PSI 35,305 4,665 
RUTTING | E(SG) =2,500 PSI 21 10 
FAILURE | E(SG) =5,000 PSI 212 90 
E(SG) =10,000 PSI 2,948 1,148 
E(BASE)=10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
56 
E(SG) =5,000 PSI 390 
E(SG) =10,000 PSI 3,890 


E(SG) =5,000 PSI} 54,772,697 
E(SG) =10,000 PSI} 10,364,252 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 503 275 206 
E(SG) =5,000 PSI 2271 1,095 
E(SG) =10,000 PSI 13,514 5671 3,797 





NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE C.12 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 4,250 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
1 INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI {ors PSI 100 PSI 


E(SG) =2,500 PSI a, 52 
E(SG) =5,000 PSI 149 
E(SG) =10,000 PSI 165 

E(SG) =2,500 PSI 

E(SG) =5,000 PSI Fe Ps 
E(SG) =10,000 PSI 4,018 1,815 1,284 


E(BASE)=5, = a 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 

E(SG) =5,000 PSI 

E(SG) =10,000 PSI 

E(SG) =2,500 PSI 39 

E(SG) =5,000 PSI 281 

E(SG) =10,000 PSI 2,904 
E(BASE)=20,000 PSI 

E(SG) =2,500 PSI 

E(SG) =5,000 PSI | 31,897,922 

E(SG) =10,000 PSI] 6,392,644 

E(SG) =2,500 PSI 143 

E(SG) =5,000 PSI 766 

5654 

E(BASE)=30,000 PSI 

E(SG) =2,500 PSI 

E(SG) =5,000 PSI 


E(SG) =2,500 PSI liar 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 3,828 





NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE C.13 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 3,250 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
2 INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


IRE PRESSURE {[40PSI 70 PS! 100 PSI 


FATIGUE [E(SG) =2,500 PSI 1,818 884 551 
E(SG) =10,000 PSI 2,922 1,256 749 
RUTTING JE(SG) =2,500 PSI 178 156 149 
E(SG) =10,000 PSI 68,730 99,775 56,729 


E(BASE)=5,000 PSI 


FATIGUE [E(SG) =2,500 PSI 14,259 4,718 
hee em 
E(SG) =10,000 PSI 28,070 7,679 
RUTTING |E(SG) =2,500 PSI 153 111 
E(SG) =10,000 PSI 21,428 13,370 


E(BASE)=10,000 PSI 


FATIGUE JE(SG) =2,500 PSI 59.835 15,900 7,521 
FAILURE 80,800 19,586 8,894 
E(SG) =10,000 PSI 106,064 23,582 10,313 
RUTTING [E(SG) =2,500 PSI 304 206 174 
E(SG) =5,000 PSI 2,051 1,298 1,062 
E(SG) =10,000 PSI 19,892 11,786 j 
E(BASE)=20,000 PSI 
E(SG) =2,500 PS 526,016 94,477 


FAILURE |[E(SG) =5,000 PSI 589,674 101,520 
E(SG) =10,000 PSI 669,164 110,034 


RUTTING JE(SG) =2,500 PSI 924 625 524 
FAILURE |E(SG) =5,000 PSI 4,511 2,824 
E(SG) =10,000 PSI 30,370 17,531 


E(BASE)=30,000 PSI 

FATIGUE JE(SG) =2,500 PSI 3,638,621 403,029 
FAILURE {[E(SG) =5,000 PSI 3,205,962 377,807 
E(SG) =10,000 PSI | 2,971,580 363,964 


RUTTING |E(SG) =2,500 PSI 2,075 1,410 
FAILURE |E(SG) =5,000 PSI 8,726 5 491 
E(SG) =10,000 PSI 48,527 28,025 


NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE C.14 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 

SINGLE AXLE, TIRE LOAD OF 3,750 LBS/TIRE AND ASPHALT 

INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
2 INCH ASPHALT CONCRETE (E=150,000 PSI) 


E(BASE)=1,000 PSI 


TIRE PRESSURE |40PSI —_—s*x[{70 PSI Jee" PSI 


E(SG) =2,500 PSI a 298 a 
=o, 1,690 
=I 2, -- 

1 be 1 fe 1 oe 

38,130 32,392 30,370 


E(BASE)=5,000 PSI 


FATIGUE JE(SG) =2,500 PSI 
FAILURE {E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


RUTTING ECG) =2,500 PSI 118 
ai as 
E(SG) = =10, 000 PSI 12,460 6,934 5,365 
E(BASE)=20,000 PSI 
FATIGUE [E(SG) =2,500 PSI 
E(SG) =10,000 PSI 


RUTTING [E(SG) =2,500 PSI 
FAILURE JE(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(BASE)=30,000 PSI 
FATIGUE JE(SG) =2,500 PSI | 2,901,502] 421,074] 122,870 
FAILURE JE(SG) =5,000 PSI | 2,530,967] 390,657] 116,673 
E(SG) =10,000 PSI} 2,337,239]  373,6471 113,256 
RUTTING JE(SG) =2,500 PSI 809 
FAILURE {E(SG) =5,000 PSI 3,200 2,532 
E(SG) =10,000 PSI | 16,634 12,636 








NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE C.15 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 4250 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
2 INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


TIRE PRESSURE 40 PSI 70 PSI 100 PSI 


FATIGUE [E(SG) =2,500 PSI 928 539 324 
ase (ae oee ss 
E(SG) =10,000 PSI 1, - = 
RUTTING |[E(SG) =2,500 PSI = 
— are oe 
E(SG) =10,000 PSI 22,927 18,991 lize in 


E(BASE)=5,000 PSI 
FATIGUE jE(SG) ae PSI 


FATIGUE [E(SG) =2,500 PSI 
FAILURE BSS) * =5,000 PSI 


RUTTING EGG) = =7500 PSI 102 
FAILURE |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 8, 


E(BASE)=20, 000 PSI 


FATIGUE [E(SG) =2,500 PSI 
FAILURE |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


RUTTING [E(SG) =2,500 PSI 323 
FAILURE {E(SG) =5,000 PSI 1,819 1,035 
E(SG) =10,000 PSI 12,905 6,644 


E(BASE)=30,000 PSI 

FATIGUE [E(SG) =2,500 PSI 2,174,992] 448,954 
FAILURE |E(SG) =5,000 PSI 1,886,842] 411,202 
E(SG) =10,000 PSI 1,735,216] 390,657 


= [as 500 
FAILURE |fE(SG) =5,000 PSI 3,487 2,013 
E(SG) =10,000 PSI 20,602 10,638 


NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 








TABLE C.16 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD =3,250 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
3 INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


TIRE PRESSURE |40PSI [70 PSI 


FATIGUE [E(SG) =2,500 PSI 4,948 3,232 
FAILURE 6,179 3,892 
E(SG) =10,000 PSI 7,107 4,374 
RUTTING |E(SG) =2,500 PSI 1,325 1,193 
ere Cr 
E(SG) =10,000 PSI 436,355 388,568 


~ E(BASE)=5,000 PSI 


FATIGUE [E(SG) =2,500 PSI 24,873 
aor mpi 
E(SG) =10,000 PSI 43,325 

801 


RUTTING |E(SG) =2,500 PSI 
FAILURE JE(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(BASE)=10,000 PSI 
FATIGUE [E(SG) =2,500 PSI 81,320 33,273 
FAILURE |E(SG) =5,000 Ps! 104,722 39,895 


E(SG) =10,000 PSI 132,418 46,957 


RUTTING JE(SG) =2,500 PSI 1,432 
FAILURE |E(SG) =5,000 PSI 8,726 
E(SG) =10,000 PSI 78,672 


E(BASE)=20,000 PSI 


FATIGUE JE(SG) =2,500 PSI 449,358 134,577 
FAILURE {E(SG) =5,000 PSI 906,170 146,556 
E(SG) =10,000 PSI 573,829 160,069 


RUTTING JE(SG) =2,500 PSI 5 182 4,718 
FAILURE |E(SG) =5,000 PSI 23,019 20,764 
E(SG) =10,000 PSI 146,194 130,567 
E(BASE)=30,000 PSI 





NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE C.17 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 3,750 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
3-INCH ASPHALT CONCRETE, E=150,000 PSI 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 





NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE C.18 

LOADS TO FAILURE BASED ON STRAINS CAUSED BY DUAL 
SINGLE AXLE, TIRE LOAD = 4250 LBS/TIRE AND ASPHALT 
INSTITUTE FAILURE CRITERIA FOR FATIGUE AND RUTTING. 
3 INCH ASPHALT CONCRETE (E=150,000 PSI). 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 100 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 



































E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 






























E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 







E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 












E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 

























E(SG) =2,500 PSI 
E(SG) =5,000 PSI 





E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 







NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 
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Appendix D: Loads to Rutting and Fatigue Failure for a Tandem Axle Load 


an — : _ 
cr . a a * 
. a a ry : 

vec alkA mebnet s oheutie’ sugiie? bas 


CP La 





TABLE D.1 

LOADS TO RUTTING FAILURE FOR A 4 INCH AGGREGATE 
ROAD CAUSED BY A TANDEM AXLE WITH A LOAD OF 
4,250 LB./TIRE. 










E(BASE)=1,000 PSI 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 1 0 0 
E(SG) = 5,000 PSI 15 ‘ 0 
E(SG) = 10,000 PSI 330 28 8 


E(BASE)=5,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 3 0 0 
E(SG) = 5,000 PSI 43 4 1 
E(SG) = 10,000 PSI 342 35 11 


E(BASE)=10,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI a) 1 0 
E(SG) = 5,000 PSI 62 8 3 
E(SG) = 10,000 PSI 959 95 29 


E(BASE)=20,000 PSI 


IRE PRESSURE 40PSI 4. PSI + — 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 4“ 
E(SG) = 10,000 PSI 


SES = 000 = 


IRE PRESSURE 40PSI aa PSI + PSI 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI Be: «2 Pe 
E(SG) = 10,000 PSI 1,971 113 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 
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TABLE D.2 

LOADS TO RUTTING FAILURE FOR A 4 INCH AGGREGATE 
ROAD CAUSED BY A TANDEM AXLE, WITH A TIRE LOAD OF 
3,750 LB./TIRE. 


E(BASE) = 1,000 PSI 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 1 0 0 
E(SG) = 5,000 PSI 31 2 1 
E(SG) = 10,000 PSI 667 51 14 


E(BASE) =5,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 3 0 0 
E(SG) = 5,000 PSI 43 fo) 
E(SG) = 10,000 PSI 766 71 21 


E(BASE) = 10,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


= 6 1 0 
E(SG) = 5,000 PSI 67 9 3 
E(SG) = 10,000 PSI 957 106 35 


E(BASE) = 20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI Ty 4 2 
E(SG) = 5,000 PSI 138 26 
E(SG) = 10,000 PSI 1,489 211 Tad 
E(BASE) = 30,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 34 10 5 
E(SG) = 5,000 PSI 241 54 25 
E(SG) = 10,000 PSI 2,196 367 145 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.3 

LOADS TO RUTTING FAILURE FOR A 4 INCH AGGREGATE 
ROAD CAUSED BY A TANDEM AXLE, WITH A TIRE LOAD OF 
3,250 LB./TIRE 


E(BASE) = 1,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 1 0 0 
E(SG) = 5,000 PSI 29 3 1 
E(SG) = 10,000 PSI 617 55 17 


E(BASE) =5,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 3 1 0 
E(SG) = 5,000 PSI 44 6 2 
E(SG) = 10,000 PSI 749 81 26 


E(BASE) = 10,000 PSI 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 7 2 1 
E(SG) = 5,000 PSI 73 12 5 
E(SG) = 10,000 PSI 984 125 44 


E(BASE) = 20,000 PS! 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 6 
E(SG) = 5,000 PSI 34 15 
E(SG) = 10,000 PSI 262 103 


E(BASE) = 30,000 PSI 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 304 
E(SG) = 10,000 PSI 2,544 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.4 


LOADS TO RUTTING FAILURE FOR AN 8 INCH AGGREGATE RO. 
CAUSED BY A TANDEM AXLE WITH A LOAD OF 3,250 LBS/TIRE 


E(BASE) = 1,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 8 3 2 
E(SG) = 5,000 PSI 136 51 34 
E(SG) = 10,000 PSI 2,680 992 


E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 33 15 11 
E(SG) = 5,000 PSI 324 139 96 
E(SG) = 10,000 PSI 4,339 1,738 1,159 
E(BASE) = 10,000 PSI 


IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 102 54 
E(SG) = 5,000 PSI 729 345 247 
E(SG) = 10,000 PSI 7,262 3,126 2,145 
E(BASE) = 20,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 429 251 197 

E(SG) = 5,000 PSI 2,276 1,201 897 

E(SG) = 10,000 PSI] 16,327 7,730 5523 
E(BASE) = 30,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 1,106 691 556 
E(SG) = 5,000 PSI 5,109 2,867 2,207 
E(SG)=10,000 PSI} 30,500] 15,391] 11,309 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.5 

LOADS TO RUTTING FAILURE FOR AN 8 INCH AGGREGATE 
ROAD CAUSED BY A TANDEM AXLE, WITH A TIRE LOAD OF 
3,750 LB./TIRE. 


E(BASE) = 1,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 6 2 1 
E(SG) = 5,000 PSI | 98 33 21 
E(SG) = 10,000 PSI 1,953 648 396 


E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 22 10 
E(SG) = 5,000 PSI 224 88 58 
E(SG) = 10,000 PSI 3,071 1,115 70 
E(BASE) = 10,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 66 33 24 
E(SG) = 5,000 PSI 488 214 147 
E(SG) = 10,000 PSI 5,022 1,976 1,295 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 267 149 113 
E(SG) = 5,000 PSI 1,469 72 526 
E(SG) = 10,000 PSI] 10,930 4,798 3,292 
E(BASE) = 30,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 683 405 317 
E(SG) = 5,000 PSI 3,233 1,715 1,279 
E(SG)=10,000PSI{ 20,047 9,436 6,664 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.6 
LOADS TO RUTTING FAILURE FOR AN 8 INCH AGGREGATE ROA 
CAUSED BY A TANDEM AXLE, WITH A LOAD OF 4250 LBS/TIRE. 


E(BASE) = 1,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 3 1 1 
E(SG) = 5,000 PSI 47 16 10 
E(SG) = 10,000 PSI 967 316 191 


E(BASE) = 5,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 8 4 2 
E(SG) = 5,000 PSI 92 37 24 
E(SG) = 10,000 PSI 1,380 499 314 


E(BASE) = 10,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2,500 PSI 21 11 8 
E(SG) = 5,000 PSI 179 80 55 
E(SG) = 10,000 PSI 2,070 818 533 


E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 10 41 32 
E(SG) = 5,000 PSI 466 236 171 
E(SG) = 10,000 PSI 4018 1,/82 1,221 
E(BASE) = 30,000 PSI 
E(SG) = 2,500 PSI 442 100 80 
E(SG) = 5,000 PSI 928 507 381 
E(SG) = 10,000 PSI 6,/66 3,241 2,298 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.7 


LOADS TO RUTTING FAILURE FOR A 12 INCH AGGREGATE 
ROAD CAUSED BY A TANDEM AXLE WITH A LOAD OF 
4,250 LB./TIRE. 


E(BASE) = 1,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) = 2.5KSI 13 8 
E(SG)=5.0KSI_ | 235 164 132 
E(SG) = 10.0KSI 4,798 3,250 


E(BASE) = 5,000 
E(SG) = 2.5KSI 44 33 
E(SG) = 5.0KSI 479 321 
E(SG) = 10.0KSI 6,955 5,197 4,244 
E(BASE) = 10,000 
IRE PRESSURE 100 PSI 
E(SG) = 2.5KSI 127 112 106 
E(SG) = 5.0KSI 988 862 740 
E(SG) = 10.0KSI 10,746 8,670 7,195 
E(BASE) =20,000 
IRE PRESSURE 100 PSI 
E(SG) = 2.5KSI 1,552 1,145 1,047 
E(SG) = 5.0KSI 2,846 2,507 2,377 
E(SG) = 10.0KSI 22,118] 19,286] 16,572 
E(BASE) = 30,000 
IRE PRESSURE 100 PSI 
E(SG) = 2.5KSI 3,086 1,088 1,047 
E(SG) = 5.0KSI 6,106 5412 5,182 
E(SG) = 10.0KSI 39,4941 34,581] 31,564 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.8 


LOADS TO RUTTING FAILURE FOR A 12 INCH AGGREGATE 
ROAD CAUSED BY A TANDEM AXLE WITH A LOAD OF 
3,750 LB./TIRE. 


NOTE: 


E(BASE) = 1,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 34 22 18 
E(SG) = 5,000 PSI 615 378 307 
E(SG) = 10,000 PSI} 12,075 7,330 5,927 
E(BASE) =5,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 137 111 
E(SG) = 5,000 PSI 1,371 1,006 
E(SG)=10,000PSI} 18,918] 12,636 
E(BASE) = 10,000 PSI 
100 PSI 
E(SG) = 2,500 PSI 439 391 343 
E(SG) = 5,000 PSI 3,063] 2,495] 2,119 
E(SG)=10,000PSI} 30,630] 22,473] 18,774 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 1,958 1,762 1,688 
E(SG) = 5,000 PSI 9,817 8,754 7,682 


1E(SG) = 10,000 PSI 68,484 95,847 47,417 


E(BASE) = 30,000 PSI 
E(SG) = 2,500 PSI 5 319 4,771 4,613 
E(SG) = 5,000 PSI 22,7441 20,362] 18,918 
E(SG) = 10,000 PSI] 129,722] 112,332] 96,635 





E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.9 

LOADS TO RUTTING FAILURE FOR A 12 INCH AGGREGATE 
ROAD CAUSED BY A SINGLE AXLE, WITH A TIRE LOAD OF 
3,290 LB./TIRE. 































E(BASE) = 1,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 62 39 32 
E(SG) = 5,000 PSI 1,010 656 545 
E(SG)=10,000PS§ 19,738] 12,680] 10,495 
E(BASE) =5,000 PSI 
E(SG) = 2,500 PSI 249 197 171 
E(SG) = 5,000 PSI 2,495 1,762 1,502 
E(SG) =10,000PS§ 33,102] 22,030] 18,489 
E(BASE) = 10,000 PSI 
E(SG) = 2,500 PSI 803 706 622 
E(SG) = 5,000 PSI 5,588 4,412 3,817 
E(SG) =10,000PS§ 55,902] 39,458] 33,538 
E(BASE) = 20,000 PSI 
E(SG) = 2,500 PSI 3,590 3,292 3,086 
E(SG)=5,000PSI| 18,071] 15,792] 13,955 
E(SG) = 10,000 PSI 124,937] 98,744] 85,486 
E(BASE) = 30,000 PSI 
E(SG) = 2,500 PSI 9,561 8,926 8,670 
E(SG)=5,000PSI| 41,730} 38,061] 34,430 
E(SG) = 10,000 PS¥_ 236,982] 199,781f 174,886 


= 





+ 





+ 











NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.10 

LOADS TO FAILURE ON A 1 INCH ASPHALT CONCRETE 
PAVEMENT, E=150,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,250 LBS/TIRE. 





















E(BASE)=1,000 PSI 


40PSI 70 PSI 


LOADS TO JE(SG) =2,500 PSI 
RUTTING JE(SG) =5,000 PSI 426 230 176 
FAILURE |JE(SG) =10,000 PSI 8,839 4,652 3,543 















E(BASE)=5,000 PSI 
IRE PRESSURE 100 PSI 

E(SG) =2,500 PSI 30,393 3,505 1,081 

ao oe ae 

E(SG) =10,000 PSI 44551 4,374 1,274 

E(SG) =2,500 PSI 33 ie 12 

E(SG) =10,000 PSI 4,303 1,844 1,273 
E(BASE)=10,000 PSI 





E(SG) =2,500 PSI 562,826 34,198 7,619 
539,107 33,042 1,462 
E(SG) =10,000 PSI 476,206 32,576 7,424 
LOADS TO JE(SG) =2,500 PSI 90 46 34 
FAILURE [E(SG) =10,000 PSI 5,688 2,382 1,626 


E(BASE)=20,000 PSI 





IRE PRESSURE [40PSI 70 PSI 100 PSI 
=2,500 PSI | 3,418,795,691 1,330,400 128,703 


E(SG) =5,000 PSI 75,240,464 778,707 97,773 





™ 
O 
D 


E(SG) =10,000 PSI} 16,642,507 556,904 81,404 
LOADS TO JE(SG) =2,500 PSI 351 491 145 
E(SG) =5,000 PSI 1,711 832 599 
FAILURE |E(SG) =10,000 PSI 11,505 4,979 3,415 





E(BASE)=30,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 36,951,133] 39,358,2911 1,347,178 
E(SG) =5,000 PSI 700,635 
E(SG) =10,000 PSI} 4,827,693,385] 4,876,403] 460,844 
LOADS TO JE(SG) =2,500 PSI 858 489 
pUTTING. [ESO Bb at Pe 
FAILURE |E(SG) =10,000 PSI 20,683 9,312 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 










a 







1,368 
6,465 
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TABLE D.11 

LOADS TO FAILURE ON A 1 INCH ASPHALT CONCRETE 
PAVEMENT, E=150,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,750 LBS/TIRE. 


E(BASE)=1,000 PSI 


40PSI 10 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 
RUTTING |E(SG) =5,000 PSI 
FAILURE |E(SG) =10,000 PSI 5,772 


E(BASE)=5,000 PSI 
IRE PRESSURE __|40PSI 100 PSI 
LOADS TO JE(SG) =2,500 PSI 22,718 3,661 1,063 
FATIGUE |E(SG) =5,000 PSI 28,967 4,223 1,180 
FAILURE |E(SG) =10,000 PSI 34,939 4,718 1,279 


LOADS TO JE(SG) =2,500 PSI 22 10 
RUTTING JE(SG) =5,000 PSI 217 92 62 
FAILURE |JE(SG) =10,000 PSI 3,001 1,164 16 


E(BASE)=10,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO {E(SG) =2,500 PSI 349,591 41,626 8,447 
FATIGUE 313,233 39,825 8,246 
FAILURE jE(SG) =10,000 PSI 293,391 39,046 8,180 
LOADS TO JE(SG) =2,500 PSI 98 28 20 
FAILURE {E(SG) =10,000 PSI 3,975 ONS 984 


E(BASE)=20,000 PSI 
IRE PRESSURE 40PSI 70 PSI 00 PSI 


LOADS TO JE(SG) =2,500 PSI 890,113,914] 2,802,452 188,146 
FATIGUE {fE(SG) =5,000 PSI 35,492,306} 1,493,799 143,498 
FAILURE =10, 8,797,080 841,405 106,615 


LOADS TO [E(SG) =2,500 PSI 223 115 84 
RUTTING [E(SG) =5,000 PSI 1,131 513 356 
FAILURE =10, 7,928 3,142 2,065 


E(BASE)=30,000 PSI 


00 PSI 
24,251,648] 25,306,655] 3,024,252 
roo 25 s5s7052 1201 130 
439,024,091| 9,871,655 | 

LOADS TO |E(SG) =2,500 PSI 539 292 

RUTTING [E(SG) =5,000 PSI 2,388 1,143 

=10, 14,006 5,840 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.12 

LOADS TO FAILURE ON A 1 INCH ASPHALT CONCRETE 
PAVEMENT, E=150,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 4,250 LBS/TIRE. 


F(BASE)=1,000 PSI 


IRE PRESSURE 100 PSI 
LOADS TO [E(SG) =2,500 PSI 445 127 52 
FATIGUE |E(SG) =5,000 PSI 579 150 60 
FAILURE |E(SG) =10,000 PSI 677 167 6 


S 
LOADS TO [E(SG) =2,500 PSI 10 fs) 4 
RUTTING [E(SG) =5,000 PSI 192 89 64 
FAILURE {E(SG) =10,000 PSI 4,062 1,831 1,295 


E(BASE)=5,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO [JE(SG) =2,500 PSI 16,488 3,883 1,067 
FATIGUE [E(SG) =5,000 PSI 20,964 4,562 1,199 
FAILURE [JE(SG) =10,000 PSI 25,200 5,169 1 QL 


LOADS TO JE(SG) =2,500 PSI Us fi 2) 
RUTTING JE(SG) =5,000 PSI 158 61 40 
FAILURE [E(SG) =10,000 PSI 2,244 794 499 


F(BASE)=10,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO |E(SG) =2,500 PS! 243,263 ae 9,555 
FATIGUE 216,804 48,320 9,268 
FAILURE _|E(SG) =10,000 PSI 202,170 47,062 9,166 
LOADS TO |E(SG) =2,500 PS! 41 18 ie 
RUTTING |E(SG) =5,000 PS! 291 f11°5 75 
E(BASE)=20,000 PSI 


IRE PRESSURE /[40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500 PSI 44,286,566] 6,907,400 286,543 
FATIGUE 20,920,903} 2,393,522 183,419 
FAILURE jE(SG) =10,000 PSI 5,461,407 1,273,780 137,983 
LOADS TO [E(SG) =2,500 PSI 152 75 93 
FAILURE {E(SG) =10,000 PSI S.o20 2,145 1,348 
E(BASE)=30,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO {E(SG) =2,500 PSI 17,476,152] 16,376,178] 8,289,603 
FAILURE JE(SG) =10,000 PSI} 340,416,315] 22,046,920} 1,056,372 
LOADS TO [E(SG) =2,500 PSI 188 137 
FAILURE {E(SG) =10,000 PSI 3,943 Pao fed 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
F(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.13 

LOADS TO FAILURE ON A 1 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,250 LBS/TIRE. 































E(BASE)=1,000 PSI 








TIRE PRESSURE [40 PSI 70 PSI 100 PSI 
LOADS TO JE(SG) = 2,500 PSI 2,463 1,137 102 


FATIGUE  JE(SG) = 5,000 PSI 3,374 1,435 860 
FAILURE {JE(SG) =10,000 PSI 4,129 1,658 97 


LOADS TO JE(SG) = 2,500 PSI 150 131 125 
RUTTING |E(SG) = 5,000 PSI 2,831 2,471 2,348 
FAILURE |E(SG) =10,000PSI| 59,923 52,080 48,504 


E(BASE)=5,000 PSI 
TIRE PRESSURE 00 PSI 
E(SG) =2,500PSI] 15,911 5,125 uA 
=5,000PSI| 24,760 7,097 3,566 
E(SG) =10,000 PSI} 35,802 9,250 4,439 


LOADS TO JE(SG) = 2,500 PSI 118 78 66 
RUTTING JE(SG) = 5,000 PSI 1,171 136 602 
FAILURE  [E(SG) =10,000 PSI 16,388 9,/84 1,828 


E(BASE)=10,000 PSI 


oO 








ya, 
O 
® 





IRE PRESSURE [40 PSI 70 PSI 100 PSI 
E(SG) = 2,500 PSI 52,916 14,289 6,834 


= 5,000 PSI 79,264 18,969 8,607 





MAEPNO Ue |x 
OW 
QQ 
w 
r) 
° 
ro) 
ra 
Uv 
” 


117,136 24,760 10,659 
LOADS TO |E(SG) = 2,500 PSI 214 139 139 
E(SG)=5,000PSI| 1,460 878 704 
FAILURE {E(SG)=10,000PSI} 14,415 8,080 6,273 





E(BASE)=20,000 PSI 
IRE PRESSURE 100 PSI 
E(SG) = 2,500PSI] 298,289] 60,945] 24,730 
FATIGUE JE(SG) = 5,000 PSI} 399,403] 73,683] 28,649 
E(SG) =10,000 PSI] 554,547] 90,697] —- 33,644 


LOADS TO JE(SG) = 2,500 PSI 652 420 345 
RUTTING [E(SG) = 5,000 PSI 3,142 1,861 1,476 
FAILURE |E(SG)=10,000PSI} 21,010 11,426 8,726 


E(BASE)=30,000 PSI 


IRE PRESSURE 100 PSI 
E(SG) = 2,500 PSI 1,191,362 186,610 65,612 
FATIGUE {E(SG) = 5,000 PSI [1,439,774 209,522 11,474 


FAILURE [E(SG) =10,000 PSI}1 241,759 79,540 


LOADS TO {E(SG) = 2,500 PSI 980 806 
RUTTING {E(SG) = 5,000 PSI 
FAILURE =10, 


3,697 2,926 
18,278 13,905 
NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 
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33,832 
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TABLE D.14 

LOADS TO FAILURE ON A 1 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,750 LBS/TIRE. 












E(BASE)=1,000 PSI 
100 PSI 

1,717 875 529 
2,369 1,118 655 
2,912 1,304 14 


LOADS TO JE(SG) =2,500 PSI 83 71 67 
RUTTING {E(SG) =5,000 PSI 1,569 1,337 1,257 
FAILURE [E(SG) =10,000 PSI 33,247 28,143 26,948 


E(BASE)=5,000 PSI 





















co 








IRE PRESSURE [40 PSI 70 PSI 100 PSI 
LOADS TO JE(SG) =2,500 PSI 11,125 4,202 2,174 


FATIGUE [E(SG) =5,000 PSI 18,435 9,967 2,912 
E(SG) =10,000 PSI 28,395 (ASR VZ 3,683 


LOADS TO JE(SG) =2,500 PSI 67 45 37 
RUTTING JE(SG) =5,000 PSI 721 428 341 
FAILURE {E(SG) =10,000 PSI 10,286 5,755 4,473 


E(BASE)=10,000 PSI 


a 





TIRE PRESSURE |40 PSI 70 PSI 100 PSI 
LOADS TO JE(SG) =2,500 PSI 38,197 12,253 5,685 





FATIGUE JE(SG) =5,000 PSI 60,701 16,690 1,299 





FAILURE |E(SG) =10,000 PSI 95,977 22,370 9,216 
LOADS TO |E(SG) =2,500 PSI 130 80 65 
E(SG) =5,000 PSI 908 516 402 
FAILURE |E(SG) =10,000 PSI 9,191 4,812 3,619 





E(BASE)=20,000 PSI 
IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 216,008 95,995 21,939 
301,018 69,177 Zo Je 
E(SG) =10,000 PSI 438,594 87,256 30,814 
LOADS TO JE(SG) =2,500 PSI 396 244 195 
RUTTING JE(SG) =5,000 PSI 1,962 1,097 845 
E(BASE)=30,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 843,446 182,875 61,485 
FATIGUE |JE(SG) =5,000 PSI 1,042,171 208,304 67,699 
FAILURE jE(SG) OOO PSI} 1,364,014 245,029 76,374 


=AG | 
LOADS TO JE(SG) =2,500 PSI 917 569 456 
RUTTING |E(SG) =5,000 PSI 3,869 2,180 1,677 
FAILURE {E(SG) =10,000 PSI 21,684 11,005 8,080 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


+ 
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TABLE D.15 

LOADS TO FAILURE ON A 1 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 4,250 LBS/TIRE. 















E(BASE)=1,000 PSI 

IRE PRESSURE |40 PSI 
E(SG) =2,500 PSI 1,265 704 415 
E(SG) =5,000 PSI 1,755 911 519 
E(SG) =10,000 PSI 2,168 1,072 598 








LOADS TO 
FATIGUE 
FAILURE 


a 


LOADS TO |E(SG) =2,500 PSI 50 42 39 
RUTTING |E(SG) =5,000 PSI 942 783 731 
FAILURE |E(SG) =10,000 PSI 20,047 16,511 15,391 





E(BASE)=5,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 8,287 3,567 1,799 
E(SG) =5,000 PSI 13,856 5,192 2,456 
LOADS TO JE(SG) =2,500 PSI 40 28 22 
FAILURE |E(SG) =10,000 PSI 6,934 3.657 2,761 


E(BASE)=10,000 PS! 


+ 








IRE PRESSURE [40 PSI 70 PSI 100 PSI 
LOADS TO JE(SG) =2,500 PSI 28,269 10,811 4,887 


FATIGUE jE(SG) =5,000 PSI 45,238 TontO7 6,394 
FAILURE [JE(SG) =10,000 PS! 71,896 20,769 8,226 


LOADS TO |E(SG) =2,500 PSI 80 50 40 
RUTTING |E(SG) =5,000 PS! 608 327 248 
FAILURE |E(SG) =10,000 PSI 6,292 3,094 2,260 


E(BASE)=20,000 PS! 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 158,426 52,632 19,985 
FATIGUE 221,701 66,371 23,875 
FAILURE {E(SG) =10,000 PSI 324,067 85,866 29,018 
LOADS TO {E(SG) =2,500 PS! 253 eZ 119 
FAILURE |[E(SG) =10,000 PS! 9,343 4,449 3,183 
E(BASE)=30,000 PSI 


00 PSI 

LOADS TO {E(SG) =2,500 PSI! 614,069 182,262 58,983 
FATIGUE 759,217 210,503 65,612 
FAILURE E(SG) =10,000 PSI 994,160 252,678 74,949 
LOADS TO JE(SG) =2,500 PSI! 588 355 219 
E(SG) =5,000 PSI 2,589 1,386 1,041 
FAILURE E(SG) =10,000 PSI 15,002 7,151 5,094 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








= 
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TABLE D.16 

LOADS TO FAILURE ON A 2 INCH ASPHALT CONCRETE 
PAVEMENT, E=150,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,250 LBS/TIRE. 











E(BASE)=1,000 PSI 












TIRE PRESSURE [40PSI 
LOADS TO JE(SG) =2,500 PSI 1,849 895 558 
FATIGUE JE(SG) =5,000 PSI 2,459 1,106 671 
FAILURE jE(SG) =10,000 PSI 2,950 1,501 838 
LOADS TO JE(SG) =2,500 PSI 182 160 152 
FAILURE JE(SG) =10,000 PSI 69,402 60,371 57,261 





E(BASE)=5,000 PSI 
IRE PRESSURE [40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 14,578] 4,815 2,547 
a ee, 5100 
E(SG) =10,000 PS! 28,321 7,760 3,794 
LOADS TO JE(SG) =2,500 PSI 160 116 98 
FAILURE |E(SG) =10,000 PSI 21,943] 13,659 11,156 
E(BASE)=10,000 PSI 


LOADS TO JE(SG) =2,500 PSI 60,987 16,162 7,619 
FATIGUE JE(SG) =5,000 PSI 81,364 19,777 8,967 
E(SG) =10,000 PSI 106,434 23,173 10,402 


E(SG) =2,500 PSI 323 216 183 
E(SG) =5,000 PSI 2,140 1,357 1,102 
E(SG) =10,000 PSI 20,522] 12,117 9,624 


E(BASE)=20,000 PSI 


—| 








—| 

















TIRE PRESSURE j40PSI 70 PSI 100 PSI 
E(SG) =2,500 PSI 515,243 93,950 36,214 


FATIGUE JE(SG) =5,000 PSI 579,424] 101,288 38,370 
FAILURE JE(SG) =10,000 PSI 661,746] 110,163 40,926 





LOADS TO [E(SG) =2,500 PSI 994 559 
RUTTING |E(SG) =5,000 PSI 4,771 2,406 
FAILURE {E(SG) =10,000 PSI 31,564 14,208 








E(BASE)=30,000 PSI 
IRE PRESSURE 
LOADS TO [E(SG) =2,500 PSI 3,237,596] 383,340 121,391 
FATIGUE fE(SG) =5,000 PSI 2,995,429} 368,608 118,148 
FAILURE JE(SG) =10,000 PSI 2,865,007} 360,606 116,395 


LOADS TO JE(SG) =2,500 PSI 2,233 1,512 1,265 
RUTTING |E(SG) =5,000 PSI 5 823 4,718 
FAILURE |E(SG) =10,000 PS! | 29,231 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 












TABLE D.17 
LOADS TO FAILURE ON A 2 INCH ASPHALT CONCRETE 
PAVEMENT, E=150,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,750 LBS/TIRE. 
E(BASE)=1,000 PS! 
100 PSI 
1,279 685 419 
857 510 
987 576 


LOADS TO JE(SG) =2,500 PSI 86 82 
RUTTING JE(SG) =5,000 PSI 1,853 1,579 1,485 
FAILURE fE(SG) =10,000 PSI 38,526 32,674 30,762 


E(BASE)=5,000 PSI 


IRE PRESSURE {40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 10,109 3,942 2,040 
FATIGUE {E(SG) =5,000 PSI 15,196 5 242 2,585 
FAILURE [E(SG) =10,000 PSI 21,379 6,605 3,124 


LOADS TO J[E(SG) =2,500 PSI 88 66 20 
RUTTING JE(SG) =5,000 PSI 939 608 493 
FAILURE  fE(SG) =10,000 PSI 13,514 7,953 6,330 


E(BASE)=10,000 PSI 


IRE PRESSURE |40PSI 70 PSI 100 PSI 


E(SG) =2,500 PS! 43,846 13,948 6,380 
ei'047| 17.368] 7646 
E(SG) =10,000 PSI 83,624 21,250 8,943 
LOADS TO JE(SG) =2,500 PSI 185 Zs 103 
FAILURE [E(SG) =10,000 PSI 12,815 7,129 5,507 


E(BASE)=20,000 PSI 
100 PSI 
387,309] 88,494 32,763 
444,941] 96,244 34,926 
520,593] 105,696 37,500 
595 384 314 
2,926 noe 1,368 
19,892] 10,746 8,157 
E(BASE)=30,000 PSI 
IRE PRESSURE 00 PSI 
LOADS TO JE(SG) =2,500PSI | 2,534,820] 396.4371 118,148 
FATIGUE J|E(SG)=5,000PSI | 2,337,239] 378,453} 114,471 
FAILURE |E(SG)=10,000PSI| 2,232,834] 368,920} 112,522 


LOADS TO JE(SG) =2,500 PSI 1,331 867 711] 
RUTTING {E(SG) =5,000 PSI 5,688 3,397 2,680 
FAILURE |JE(SG) =10,000 PSI 31,975 17,334 13,135 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.18 

LOADS TO FAILURE ON A 2 INCH ASPHALT CONCRETE 
PAVEMENT, E=150,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 946 547 328 
FAILURE JE(SG) =10,000 PSI 12535 803 458 
LOADS TO JE(SG) =2,500 PSI 60 91 47 
FAILURE JE(SG) =10,000 PSI 23,205 19,138 17,866 


E(BASE)=5,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500 PSI 7,021 3,338 1,692 
FATIGUE JE(SG) =5,000 PSI 11,381 4,532 2,181 
FAILURE  {E(SG) =10,000 PSI 16,109 5, /88 2,670 


LOADS TO JE(SG) =2,500 PSI 52 41 
RUTTING |E(SG) =5,000 PSI 559 379 
FAILURE |E(SG) =10,000 PSI 8,476 5,007 


E(BASE)=10,000 PSI 
TIRE PRESSURE [40PS1__J70PSI__[100PS1__ 
E(SG) =2,500 PSI S207 12,372 5 519 
E(SG) =5,000 PSI 45,601 15,694 6,672 
E(SG) =10,000 PSI 62,753 19,518 


LOADS TO JE(SG) =2,500 PSI 109 Tee 
RUTTING [E(SG) =5,000 PSI 832 493 
FAILURE  JE(SG) =10,000 PSI 8,670 4,549 


E(BASE)=20,000 PSI 
IRE PRESSURE |40PSI 70 PSI 00 PSI 





LOADS TO [E(SG) =2,500 PSI 287,907 30,406 
FATIGUE |E(SG) =5,000 PSI 331,046] 93,375 32,617 
LOADS TO |[E(SG) =2,500 PSI 349 191 
RUTTING |E(SG) =5,000 PSI 1,935 840 
FAILURE {E(SG) =10,000 PSI 13,466 
E(BASE)=30,000 PSI 
IRE PRESSURE [40PSI 70PSI  |[100PSI 
LOADS TO JE(SG) =2,500 PSI 782 
RUTTING |E(SG) =5,000 PSI 3,736 


FAILURE |JE(SG) =10,000 PSI 387,976] 103,580 S0)210 
oun 
LOADS TO [E(SG) =2,500 PS! 1,892,101} 417,382 117,583 
FATIGUE [E(SG) =5,000 PSI 1,737,571] 395,409 113,458 
FAILURE [E(SG) =10,000 PSIf 1,655,347] 383,669 111,269 
432 

FAILURE {E(SG) =10,000 PSI 21,684 11,118 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.19 

LOADS TO FAILURE ON A 2 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,250 LBS/TIRE. 
























E(BASE)=1,000 PSI 







TIRE PRESSURE [40 PSI 
LOADS TO JE(SG) =2,500 PSI 20,721 14,857 10,878 
FATIGUE |E(SG) =5,000 PSI 26,879 18,611 13,371 
FAILURE 32,284] 21,785 15,429 
LOADS TO JE(SG) =2,500 PSI 4,351 3,954 3,807 
RUTTING |E(SG) =5,000 PSI 67,719] 60,945 58,487 
1,265,389] 1,133,158] 1,084,622 





E(BASE)=5,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 
LOADS TO [JE(SG) =2,500 PSI 47,602 30,357 21,158 


FATIGUE JE(SG) =5,000 PSI 73,683 43,494 29,279 
FAILURE  jJE(SG) =10,000 PSI 110,730 60,217 39,142 


LOADS TO JE(SG) =2,500 PSI 1,348 1,219 1,171 
RUTTING [E(SG) =5,000 PSI 11,786 10,531 10,082 
FAILURE [JE(SG) =10,000 PSI 148,881 131,575 125,523 


| E(BASE)=10,000 PSI 
IRE PRESSURE [40 PSI 70 PSI 100 PSI 


LOADS TO J[E(SG) =2,500 PSI 86,635 00,548 33,893 
FATIGUE fE(SG) =5,000 PSI 134,034 TARTS 46,281 
FAILURE  |E(SG) =10,000 PSI 210,996 101,761 63,043 


LOADS TO JE(SG) =2,500 PSI 1,681 1,525 1,473 
RUTTING {JE(SG) =5,000 PSI 10,967 9,850 9,467 
FAILURE JE(SG) =10,000 PSI 104,181 92,630 88,634 


E(BASE)=20,000 PSI 








4 








TIRE PRESSURE ]40 PSI 70 PSI 100 PSI 
E(SG) =2,500 PSI 109,044 69,004 


FATIGUE [E(SG) =5,000 PSI 146,023 89,075 
E(SG) =10,000 PSI 201,187 117,596 


LOADS TO JE(SG) =2,500 PSI | 3,102 3,009 
RUTTING {E(SG) =5,000 PSI 15,335 14,625 
FAILURE |E(SG) =10,000 PSI | 103,540 90,383 


E(BASE)=30,000 PSI 
RE PRESSURE 
E(SG) =2,500 PSI 445 062 202,118 120,998 
FATIGUE JE(SG) =5,000 PSI 617,059 258,058 149,119] 
FAILURE E(SG) =10,000 PSI 909,774 341,031 189 156 


LOADS TO JE(SG) =2,500 PSI 6,292 9,823 5,605 
RUTTING |JE(SG) =5,000 PSI 25,062 22,206 
FAILURE JE(SG) =10,000 PSI 130,490 113,105 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 
















LOADS TO 


a 















TABLE D.20 

LOADS TO FAILURE ON A 2 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,750 LBS/TIRE. 


E(BASE)=1,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 17,626 13,378 

FATIGUE 22,867 16,845 

E(SG) =10,000 PSI 27,476 19,792 

LOADS TO JE(SG) =2,500 PSI 2,889 2,589 
E(SG) =5,000 PSI 44 742 39,691 37,/89 
FAILURE E(SG) =10,000 PSI 833,056 134,504 698,630 

E(BASE)=5,000 PSI 


LOADS TO |[E(SG) =2,500 PSI 863 767 
RUTTING |E(SG) =5,000 PSI 7,492 6,563 
FAILURE E(SG) =10,000 PSI 93,804 81,298 


E(BASE)=10,000 PSI 


TIRE PRESSURE [40 PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 67,924 44,001 29,563 
FATIGUE {fE(SG) =5,000 PSI 105,270 63,350 40,922 
FAILURE  [E(SG) =10,000 PSI 165,774 91,440 96,612 


LOADS TO JE(SG) =2,500 PSI 1,043 933 
RUTTING JE(SG) =5,000 PSI Grey 5,980 
FAILURE  {E(SG) =10,000 PSI 64,045 99,738 


E(BASE)=20,000 PSI 
LOADS TO JE(SG) =2,500 PSI 
FATIGUE |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


LOADS TO [E(SG) =2,500 PSI 
RUTTING JE(SG) =5,000 PSI 
FAILURE |E(SG) =10,000 PSI 


E(BASE)=30,000 PSI 
LOADS TO JE(SG) =2,500 PSI 320,636 170,920 
FATIGUE {E(SG) =5,000 PSI 446,371 221,964 

E(SG) =10,000 PSI 660,987 299,454 


LOADS TO [E(SG) =2,500 PSI 3,687 3,362 
RUTTING JE(SG) =5,000 PSI 16,147 14,572 ; 
FAILURE [E(SG) =10,000 PSI 93,548 81,601 69,831 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.21 

LOADS TO FAILURE ON A 2 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 

TIRE PRESSURE [40 PSI 100 PSI 
LOADS TO |E(SG) =2,500 PSI 10,072 7,612 5,672 
FATIGUE |E(SG) =5,000 PSI 13,190 9,663 7,085 
E(SG) =10,000 PSI 15,954 11,736 8,258 


LOADS TO JE(SG) =2,500 PSI 1,404 1,234 
RUTTING {E(SG) =5,000 PSI 21,943 19,138 
FAILURE {E(SG) =10,000 PSI 412,243 355,829 


E(BASE)=5,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 23,350 16,808 11,444 

FATIGUE 36,695 24,851 16,247 

FAILURE fE(SG) =10,000 PSI 95,995 35,462 22,291 

LOADS TO JE(SG) =2,500 PSI 436 381 362 

FAILURE {fE(SG) =10,000 PSI 49,060 41,521 38,980 
| E(BASE)=10,000 PSI 


IRE PRESSURE [40 PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 42,563| 28,723 
FATIGUE |E(SG) =5,000 PSI 66,865] 42,107 
FAILURE 106,881 61,982 
LOADS TO JE(SG) =2,500 PSI 542 476 
RUTTING |E(SG) =5,000 PSI 3,571 3,086 
E(SG) =10,000 PSI 34,279 
E(BASE)=20,000 PSI __ 


TIRE PRESSURE }40 PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 106,475 
FATIGUE JE(SG) =5,000 PSI 157,749 
LOADS TO JE(SG) =2,500 PSI 1,086 
E(SG) =5,000 PSI 5,475 
FAILURE |E(SG) =10,000 PSI 38,250 
E(BASE)=30,000 PSI 


TIRE PRESSURE 70 PSI 100 PSI 


SI 

LOADS TO [E(SG) =2,500 PSI 220,913]. 125,653 73,371 
FATIGUE |E(SG) =5,000 PSI 310,217] 165,234 92,780 
FAILURE |E(SG)=10,000PSI] 463,847] 226,776] 121,237 


LOADS TO JE(SG) =2,500 PSI 2,008 1,803 
RUTTING |[E(SG) =5,000 PSI 8,868 7,853 
FAILURE {E(SG) =10,000 PSI 51,781 45,056 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.22 
LOADS TO FAILURE FOR A TANDEM AXLE, TIRE LOAD 
OF 3,250 LB./TIRE ON A 3 INCH ASPHALT CONCRETE ROAD 


E(AC)=150,000 PSI E(BASE)=1000 PSI 
IRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 5 205 3,365 2,370 
FATIGUE |E(SG) =5,000 PSI 6,271 3,942 2,731 
FAILURE 7,089 4,355 2,991 
LOADS TO |JE(SG) =2,500 PSI 1,450 1,303 1,249 
E(SG) =5,000 PSI 23,9651 21,428] 20,442 
FAILURE |E(SG) =10,000 PSI 463,664] 411,929] 392,990 


E(BASE)=5,000 PSI 


IRE PRESSURE 40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 26,479] 13,150] 8,268 
34,840] 16,215} 9,939 
E(SG) =10,000 PSI 44,099} 19,290} 11,551 
LOADS TO JE(SG) =2,500 PSI 867 774 742 
RUTTING |E(SG) =5,000 PSI 7,539] 6,664 


E(BASE)=10,000 PSI 
LOADS TO [E(SG) =2,500 PSI 86,578] 34,840] 20,168 
FATIGUE |E(SG) =5,000 PSI 108,246 40,855 23,111 
E(SG) =10,000 PSI 134,829 47,579 26,308 


LOADS TO jE(SG) =2,500 PSI 1,711 1,542 1,482 
RUTTING fE(SG) =5,000 PSI 10,495 9,343 8,926 
FAILURE _JE(SG) =10,000 PSI | 93,959 82,695 78,755 


E(BASE)=20,000 PSI 


TIRE PRESSURE OPSI 70 PSI 00 PSI 
FATIGUE 


E(SG) =2,500 PSI 464,220] 138,076] 70,166 
E(SG) =5,000 PSI 514,760] 148,639] 74,535 
FAILURE 578,861] 161,445] 79,816 
LOADS TO |E(SG) =2,500 PSI 5,444] 4,965] 4,798 
E(SG) =5,000 PSI 24,858] 22,384) 21,513 
FAILURE |E(SG) =10,000 PSI 156,057] 139,148] 133,301 


E(BASE)=30,000 PSI 
00 PSI 
LOADS TO JE(SG) =2,500 PSI 1,653,136] 393,024] 178,853 
FATIGUE [E(SG) =5,000 PSI 1,673,173] 396,437] 180,074 
E(SG) =10,000 PSI 1,725,837] 405,141 183,301 


LOADS TO [E(SG) =2,500 PSI 12,460 11,465 11,118 
RUTTING fE(SG) =5,000 PSI 62,959 45,499 43,940 
FAILURE  [E(SG) =10,000 PSI 261,980} 235,866] 214,982 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 
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TABLE D.23 
LOADS TO FAILURE FOR A TANDEM AXLE, TIRE LOAD 
OF 3,270 LBS/TIRE ON A 3 INCH ASPHALT CONCRETE ROAD 


E(AC)=150,000 PSI E(BASE)=1,000 PSI 
IRE PRESSURE 40PSI 70 PSI 100 PSI 










—| 












LOADS TO [JE(SG) =2,500 PSI 3,535 2,445 1,698 
FATIGUE JE(SG) =5,000 PSI 4,279 2,877 1,967 
FAILURE JE(SG) =10,000 PSI 4,837 3,193 2,162 


LOADS TO JfE(SG) =2,500 PSI 794 702 668 
RUTTING {E(SG) =5,000 PSI 13,135 11,545 10,930 
FAILURE {E(SG) =10,000 PSI 254,696] 222,076] 210,360 


E(BASE)=5,000 PSI 
IRE PRESSURE 100 PSI 
LOADS TO [E(SG) =2,500 PSI 18,229 9,995 6,179 
FATIGUE |E(SG) =5,000 PSI 24,109] 12,485 7,482 





; 


FAILURE |E(SG) =10,000 PSI 30,661] 15,002 8,797 
LOADS TO |E(SG) =2,500 PSI 475 417 397 
FAILURE |E(SG) =10,000 PSI 52,181] 44,680] 42,076 





E(BASE)=10,000 PSI 
IRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 598351 27,565} 15,593 

FATIGUE 75,160] 32,683] 18,002 

FAILURE |E(SG) =10,000 PSI 94,0551 38,484] 20,670 

LOADS TO JE(SG) =2,500 PSI 937 829 791 

FAILURE JE(SG) =10,000 PSI 51,8801 44,659} 42,192 
~ E(BASE)=20,000 PSI 


LOADS TO JE(SG) =2,500 PSI 329,963] 115,565 56,763 
FATIGUE 370,801} 125,209 60,600 
FAILURE [E(SG) =10,000 PSI 423,683] 137,040 65,236 
LOADS TO JE(SG) =2,500 PSI 2,928 2,336 2,269 
FAILURE JE(SG) =10,000 PSI 29,893 27,061 26,080 
E(BASE)=30,000 PSI 


LOADS TO [E(SG) =2,500 PSI 1,258,234] 346,132] 151,345 
FATIGUE [E(SG) =5,000 PSI 1,278,561f 349,315} 152,524 
FAILURE {E(SG)=10,000 PSI {| 1,328,793} 357,890} 155,425 


LOADS TO JE(SG) =2,500 PSI 6,766 6,125 5.910 
RUTTING |E(SG) =5,000 PSI 27,3311 24,357 
FAILURE |E(SG) =10,000 PSI 143,654] 126,780 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 
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TABLE D.24 
LOADS TO FAILURE FOR A TANDEM AXLE, TIRE LOAD 
OF 4,250 LBS/TIRE ON A 3 INCH ASPHALT CONCRETE ROAD 


E(AC)=150,000 PSI E(BASE)=1,000 PSI 
TIRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 2,552) 1,856] 1,272 
FATIGUE |E(SG) =5,000 PSI 3,093] 2,197] 1,482 
FAILURE 3,506] 2,450) 1,635 
LOADS TO |E(SG) =2,500 PSI 471 409 387 
RUTTING |E(SG) =5,000 PSI 7,828] 6,725} 6,349 
E(SG) =10,000 PSI 151,721] 129,799] 122,055 
E(BASE)=5,000 PSI 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO {fE(SG) =2,500 PSI 13,354 7,925 4,826 
FATIGUE 17,767 9,995 5,901 
FAILURE |JE(SG) =10,000 PSI 22,/11 12,151 6,981 
LOADS TO JE(SG) =2,500 PSI 282 244 230 
FAILURE [E(SG) =10,000 PSI 31,294 26,221 24,457 


E(BASE)=10,000 PSI 







































TIRE PRESSURE 40PSI 70 PSI 100 PSI 
LOADS TO {E(SG) =2,500 PSI 44,237 22,580 12,523 
FATIGUE [E(SG) =5,000 PSI 55,847 27,061 14,578 


FAILURE [E(SG) =10,000 PSI 70,238 32,211 16,881] 


LOADS TO JE(SG) =2,500 PSI 556 483 458 
RUTTING [fE(SG) =5,000 PSI 3,442 2,941 2,/68 
FAILURE [E(SG) =10,000 PSI 31,026 26,113 24,457 


= 


~ E(BASE)=20,000 PS! 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 246,017) 99,853] 47,927 
FATIGUE 277,097] 108,880} 51,402 
FAILURE |E(SG) =10,000 PSI 317,834] 120,008] 55,635 
LOADS TO JE(SG) =2,500 PSI 1,750 1,545 1,476 
RUTTING 8,080 6,998 6,644 
FAILURE |E(SG) =10,000 PSI 51,188] 43,737] 41,275 
E(BASE)=30,000 PSI 


TIRE PRESSURE 40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 947,354] 314,004) 132,500 
FATIGUE JE(SG) =5,000 PSI 962,473] 317,063} 133,492 
FAILURE jE(SG) =10,000 PSI 41,001,671] 325,411} 136,269 















LOADS TO [E(SG) =2,500 PSI 3,986 3,552 3,406 
RUTTING [E(SG) =5,000 PSI 16,147 14,208 13,514 
FAILURE JE(SG) =10,000 PSI 85,440 73,840 70,047 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE D.25 

LOADS TO FAILURE ON A 3 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,250 LBS/TIRE. 


E(BASE)=1,000 PSI 


TIRE PRESSURE /{40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500 PSI 119,929 93,374 
FATIGUE 143,906] 110,200 
FAILURE |E(SG)=10,000PSI} 162,221] 122,686 
LOADS TO JE(SG) =2,500 PSI 64,304 60,251 
RUTTING |E(SG) =5,000PSI | 1,005,182] 936,168 

E(BASE)=5,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 15,619 
RUTTING |E(SG) =5,000 PSI 125,376 
FAILURE |E(SG) =10,000PSI] 1,414,145 


E(BASE)=10,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 326,235 226,/76 165,954 
FATIGUE [E(SG) =5,000 PSI 441,813 294,446 210,750 
FAILURE [E(SG) =10,000 PSI 995,963 379,651 265,244 


LOADS TO [E(SG) =2,500 PSI 16,948 
RUTTING JE(SG) =5,000 PSI 100,461 
FAILURE fE(SG) =10,000 PSI 824,923 144,147 


E(BASE)=20,000 PSI 
IRE PRESSURE [40PSI 70PSI]100PS 


E(SG) =2,500 PSI 648,031] 411,547 
oe oe 
E(SG) =10,000 PSI} 1,140,932] 658,804 
LOADS TO JE(SG) =2,500 PSI 29,107 26,992 
FAILURE JE(SG)=10,000PSI] 796,857] 718,151] 689,112 
E(BASE)=30,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500 PSI 1,344,509 666,485 452,322 
FATIGUE jJE(SG) =5,000 PSI 1,451,912) 814,074 540,012 
FAILURE JE(SG) =10,000 PSIf 1,891,799] 1,007,307 652,313 


LOADS TO JE(SG) =2,500 PSI 49,293 45,755 
RUTTING {E(SG) =5,000 PSI 200,171] 183,166 
FAILURE |E(SG) =10,000 PSI} 1,008,934] 910,855 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.26 

LOADS TO FAILURE ON A 3 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 3,750 LBS/TIRE. 


E(BASE)=1,000 PSI 
100 PSI 
79,817 64,970 49,940 
96,154 77,034 58,471 
108,524 86,096 64,758 
34,581 some 31,160 
542,969] 500,206] 483,801 
10,161,223} 9,319,158] 8,998,165 
E(BASE)=5,000 PSI 
00 PSI 
140,949] 108,836 80,939 
190,230} 142,417] 103,594 
248,051] 180,238] 128,455 
LOADS TO JE(SG) =2,500 PSI 8,476 7,755 7,468 
E(SG) =5,000 PSI 68,135 61,495 59,039 
FAILURE =10, 771,303] 688,523] 658,142 
E(BASE)=10,000 PSI 


IRE PRESSURE |40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500 PSI 219,868] 161,522] 117,022 
FATIGUE JE(SG) =5,000 PSI 299,454 211,986] 149,907 
FAILURE |E(SG)=10,000PSI} 406,284] 276,170] 190,445 


LOADS TO JE(SG) =2,500 PSI 9,191 8,395 8,080 
RUTTING {E(SG) =5,000 PSI 54,688 49,176 47,150 
FAILURE |E(SG)=10,000PSI} 450,808] 399,889] 381,621 


E(BASE)=20,000 PSI 
TIRE PRESSURE 100 PS 
LOADS TO JE(SG) =2,500 PSI 437,954] 297,901] 207,337 
FATIGUE |E(SG) =5,000 PSI 578,697] 379,121] 257,417 
FAILURE |E(SG)=10,000PSI} 779,206] 487,337] 322,345 
LOADS TO |E(SG) =2,500 PSI 15,734 14,415 13,905 
E(SG) =5,000 PSI 72,699 65,418 62,738 
FAILURE =10, 436,018] 386,235] 368,175 
E(BASE)=30,000 PSI 


IRE PRESSURE [40PSI 70 PSI 100 PSI 


E(SG) =2,500 PSI 771,129 490,288 328,422 
988 594 604,237 395,460 
E(SG) =10,000 PSI} 1,295,997 756,602 482,227 
LOADS TO [E(SG) =2,500 PSI 26,658 24,457 23,077 
108.870] 98,188] 94260 
FAILURE  |JE(SG) =10,000 PSI 551,422 489,583 466,948 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE D.27 

LOADS TO FAILURE ON A 3 INCH ASPHALT CONCRETE 
PAVEMENT, E=1,000,000 PSI, FOR A TANDEM AXLE WITH TIRE 
LOAD = 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 


IRE PRESSURE {[40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 56,523 44,810 36,196 
FATIGUE {E(SG) =5,000 PSI 68,262 53,530 42,563 
FAILURE 77,300 60,121 47,284 
LOADS TO JE(SG) =2,500 PSI 20,204 18,559 17,934 
sir 7e3] 260462| 270.603 
FAILURE |E(SG) =10,000 PSI} 5,961,853] 5,401,956] 5,194,725 
E(BASE)=5,000 PSI 


IRE PRESSURE {[40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500PSI | 100,343[" 78,037 59,359 
FATIGUE 136,103] 103,985} 76,506 
FAILURE JE(SG)=10,000 PSI] 178,442] 134,307] _ 95,537 
LOADS TO JE(SG) =2,500 PSI 4,965 4,486 
E(SG) =5,000 PSI 40,144] 35,665 
FAILURE |E(SG)=10,000 PSI} 456,111] 400,799 

| E(BASE)=10,000 PSI 


IRE PRESSURE |40PSI 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 156,973 120,165 86,997 
FATIGUE [E(SG) =5,000 PSI 214,488 159,621 111,802 
FAILURE JE(SG) =10,000 PSI 292,548 210,012 ; 


LOADS TO JE(SG) =2,500 PSI 9,396 4,867 
RUTTING JE(SG) =5,000 PSI 32,252 28,620 
FAILURE [E(SG) =10,000 PSI 267,101 233,026 


E(BASE)=20,000 PSI 


IRE PRESSURE /[40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) = 
FATIGUE |E(SG) =5,000 PSI 
FAILURE |E(SG) =10,000 PSI 


LOADS TO JE(SG) =2,500 PSI 8,342 8.029 
RUTTING |E(SG) =5,000 PSI 38.010 36,303 
FAILURE |E(SG) =10,000 PSI 225,053 B18 147, 


E(BASE)=30,000 PSI 
TIRE PRESSURE {40PSI 70 PSI 100 PSI 


LOADS TO [E(SG) =2,500 PS! 555.4181 375,960) 249,581 
FATIGUE |E(SG) =5,000 PSI 716,321] 468,007} 302,987 
FAILURE |E(SG) =10,000 PSI 591,760] 372,832 


LOADS TO JE(SG) =2,500 PSI , 14,157 13,610 
RUTTING |JE(SG) =5,000 PSI | 57,036 54,476 
FAILURE |E(SG) =10,000 PSI , 285,213] 270,270 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


2,500 PSI 
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Appendix E: Effects of Lower Tire Pressure on Rutting Failure of Aggregate 
Roads 
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Appendix G: Effects of Lower Tire Pressure and Tire Load on Rutting Failure of 
Aggregate Roads 
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Appendix H: Effects of Lower Tire Pressure on Fatigue and Rutting Failure of 
Asphalt Concrete Roads 





TABLE H.1 

INCREASE IN LOADS TO FAILURE FOR A 1 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 3,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TO] PERCENT 100 PSI TO PERCENT 
TREFRESSRE OPS. rast OOPS] 7orsi | wwcrease | aoesi | NcREASE | 
E(SG) =2,500 PSI 692 69 85 623 
E(SG) =10,000 PSI 972 83 110 
E(SG) =2,500 PSI 22 13 10 3 28% 
E(SG) =5,000 PSI 420 174 30% 
E(SG) =10,000 PSI 8,754 4,613 3,506 1,107 32% 


E(BASE)=5,000 PSI 
2,406 223% 
E(SG) =5,000 PSI 2,762 234% 
E(SG) =10,000 PSI , : ; 3,062 242% 


= 16 12 4 35% 

E(SG) =5,000 PSI 144 103 41 40% 

E(SG) =10,000 PSI 1,815] 1,257 557 44% 
Ce ae 


E(BASE)=10,000 PSI 
E(SG) =2,500 PSI 7,699 352% 
E(SG) =5,000 PSI 7,462 343% 
E(SG) =10,000 PSI 7,367 338% 


E(SG) =2,500 PSI 86 45 33 11 35% 
E(SG) =5,000 PSI 578 268 191 78 41% 
E(SG) =10,000 PSI 5,572 2,343 1,597 746 


E(BASE)=20,000 PSI 
E(SG) =2,500 PSI | 1,802,191,509 | 1498920% 
E(SG) =5,000 PSI 98 836,992 | 98,742,937 104984% 
E(SG) =10,000 PSI} 19,260,328 19,180,724 
E(SG) =2,500 PSI 331 
E(SG) =5,000 PSI 1,644 
E(SG) =10,000 PSI 11,194 4,867 

E(BASE)=30,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 


462 
E(SG) =5,000 PSI , 1,790 1,317 
E(SG) =10,000 PSI 9,072 6,311 


RUTTING AVERAGE =] 515 


FATIGUE AVERAGE =] 4,125,297 





NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE H.2 

INCREASE IN LOADS TO FAILURE FOR A 1 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 3,750 LBS/TIRE. 









E(BASE)=1,000 PSI 100 PSI TOT PERCENT] 100PSI TO PERCENT 

TREPRESSURE OPS TOPS [OPS] 70 psi | WeRease| 4oPsi | INCREASE 

E(SG) =2,500 PSI 586 137 59 78 133% 527 899% 

E(SG) =5,000 PSI 160 141% 693 1041% 
E(SG) =10,000 PS! 888 176 72 104 146% 816 
RUTTING {E(SG) =2,500 PSI 14 7 6 2 33% 9 
E(SG) =10,000 PSI 5,721 2,/82 2,041 741 36% 3,680 

E (BASE)=5,000 PSI es | 

3,646 1,058 

FAILURE |JE(SG) =5,000 PSI 4,196 

E(SG) =10,000 PSI 4,665 1,266 

RUTTING [E(SG) =2,500 PSI 21 10 7 3 

BIDE HE Gc) <5 cobrs: 5 ec ee 

E(SG) =10,000 PSI 2,948 1,148 ior 390 


E(BASE)=10,000 PSI 


































FATIGUE JE(SG) =2,500 PSI 





























FATIGUE JE(SG) =2,500 PSI [18,942,617,591 2,302,877 
FAILURE |[E(SG) =5,000 PSI 54,772,697 1,204,098 

E(SG) =10,000 PSI 10,364,252 805,827 
210 
















14,056 52% 


E(BASE)=30,000 PSI 
NO TENSION] NO TENSION 


E(SG) =2,500 PSI NO TENSION] 528,706,548] 2,407,994} 526,298,554 
E(SG) =10,000 PSI} 2,837,815,543 8,161,255 1245%} 2,837,159,787 432655% 
RUTTING [E(SG) =2,500 PSI 503 275 206 68 33% 296 
13,514 5,671 3,/97 1,874 49% 9,717 
pe 352| 
Z 








NO TENSION} NO TENSION 









2651% 
















FAILURE |[E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
RUTTING AVERAGE = 43%] 2,258] 236% 
FATIGUE AVERAGE = 


NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 











TABLE H.3 

INCREASE IN LOADS TO FAILURE FOR AN 1 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 4,250 LBS/TIRE. 
















ee 000 PSI 100 PSI TO} PERCENT] 100 PSI TO | PERCENT 
TREPRESSURE [OPST UPS! FOOPST] roPsi_|nonease| sorst | wonease 
ae =2,500 PSI = 126 % 
=(80) =5,000 PS s77 35: 
E(SG) =10,000 PSI 676 ~ 10 
E(SG) =2,500 PSI 10 
E(SG) =10,000 PSI 4,018 1,815 1,284 531 


E(BASE)=5,000 PSI 















E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 

E(SG) =10,000 PSI 






1697% 















1866% 


45% 
52% 
; = 
39 18 2 
281 112 
2,904 1,018 


E(BASE)=20,000 PSI 


















E(SG) =2,500 PSI 
E(SG) =5,000 PSI 

E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 




























E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


3,608,047 ,422 
31,897,922 
6,392,644 


143 
766 i“ 8 
3,654 Pap oid 


E(BASE)=30,000 PSI 






31,725,248 
6,259,318 


































E(SG) =2,500 PSI 
E(SG) =5,000 PSI N/A 
E(SG) =10,000 PSI] 1,034,832,653 


E(SG) =2,500 PSI aa 129 
i270 
9,784 a se 2; ce 1 Fes 


E(SG) =5,000 PSI 

E(SG) =10,000 PSI 
RUTTING AVERAGE = SOR Ms 
FATIGUE AVERAGE = 






















NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE H.4 


INCREASE IN LOADS TO FAILURE FOR A 2 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 3,250 LBS/TIRE. 


NOTE: 


E(BASE)=1,000 PSI 100 PSI TO} PERCENT 
TIRE PRESSURE [40PSI]70PSIJ100Ps!| 70PSI | INCREASE 
60% 


E(SG) =2,500 PSI 884 951 209 
E(SG) =10,000 PSI 1,256 749 508 

156 149 ff 
E(SG) =5,000 PS! 2,882 2,734 
E(SG) =10,000 PS! 59,775 56,729 3,045 


E(SG) =2,500 PSI 87% 
E(SG) =5,000 PS! 96% 
E(SG) =10,000 PS! 103% 
E(SG) =2,500 PSI 17 18% 
E(SG) =5,000 PSI 20% 
E(SG) =10,000 PSI 22% 


E(SG) =10,000 PS! 
E(SG) =2,500 PS! 19% 
E(SG) =5,000 PSI 22% 
E(SG) =10,000 PSI 26% 


E(SG) =2,500 PSI 19% 
E(SG) =5,000 PSI 23% 
E(SG) =10,000 PSI 27% 


E(SG) =5,000 PSI 
E(SG) =10,000 PS! 

19% 
E(SG) =5,000 PSI 23% 
E(SG) =10,000 PSI 28% 


E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 


19% 
20% 








TABLE H.5 

INCREASE IN LOADS TO FAILURE FOR A 2 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 3,250 LBS/TIRE. 
















E(BASE)=1,000 PSI 100 PSI TO] PERCENT | 100 PSI TOT PERCENT 
TIRE PRESSURE [40 Psi [70PSi_ 100 PSI_ | 70 PSI 
FATIGUE [E(SG) =2,500 PSI 677 414 262 63% 844 204% 
E(SG) =10,000 PSI 982 972 410 12% 1,468 257% 

RUTTING {E(SG) =2,500 PSI 98 84 80 5 6% 18 23% 
E(SG) =10,000 PSI 38,130 32,392 30,370 2,022 7% 7,760 26% 
oe. Uo eee eee 


E(BASE)=5,000 PSI 
9,883 











2,008 1,851 92% 7,875 
15,002 2,566 2,615 102% 12,436 
21,197 3,105 3,418 110% 18,092 


83 63 53 10 20% 31 59% 
13,182 7,079 6,198 1,581 26% 6,983 113% 
E(BASE)=10,000 PSI a eae ee 


E(SG) =2,500 PSI 43,020 13,689 6,286 7,403 36,734 
FAILURE |E(SG) =5,000 PSI 60,659 17,198 7,540 9,658 
E(SG) =10,000 PSI 83,399 21,084 8,870 12,215 


RUTTING [E(SG) =2,500 PSI 174 118 97 21 21% 
FAILURE |E(SG) =5,000 PSI 1,255 754 602 153 25% 
E(SG) =10,000 PSI 12,460 6,934 5,365 1,569 29% 

| a — Se 


E(BASE)=20,000 PSI 
89,128 




























FATIGUE [E(SG) =2,500 PSI 
FAILURE |[E(SG) =5,000 PSI 
E(SG) =10,000 PSI 105,696 37 437 


RUTTING FE(SG) =2,500 PSI 952 358 294 64 22% 
FAILURE {JE(SG) =5,000 PSI 2,761 1,644 1,300 343 26% 
E(SG) =10,000 PSI 19,064 10,390 7,903 2,487 31% 


E(BASE)=30,000 PSI 
2,901,502 421,074 





96,625 











122,870 298,204 243%] 2,778,632 2261% 
2,530,967 390,657 116,673 273,985 235%] 2,414,294 2069% 
2,337,239 373,647 113,206 260,390 230%} 2,223,983 1964% 


1,234 809 665 143 22% 369 
S19 3,200 2,532 668 26% 2,787 
30,500 16,634 12,636 3,998 32% 17,864 


RUTTING AVERAGE = 3,833 
FATIGUE AVERAGE = 70,461 142% 593,335 947% 





E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 

E(SG) =10,000 PSI 






































NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE H.6 

INCREASE IN LOADS TO FAILURE FOR A 2 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 4,250 LBS/TIRE. 









E(BASE)=1,000 PS! 100 PSI TO] PERCENT | 100 PSI TO] PERCENT 
ce ae a cee ee 
E(SG) =2,500 PSI BS 66% 186% 
E(SG) =10,000 PSI 1 518 15% 1 = 234% 
RUTTING JE(SG) =2,500 PSI 59 12 27% 
mee ae 

E(SG) =10,000 PSI 18,991 17,664 327 o.200 30% 
a a es 


1,095 
22,927 
E(BASE)=5,000 PSI 
FATIGUE [E(SG) =2,500 PSI 
FAILURE |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
RUTTING [E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 

























96% 
108% 
117% 


50 22% 18 56% 
540 = 26% 248 85% 
8,262 4 ce 3,797 1, 1E 29% 4,465 118% 
| =... i= a os) 

4 
























E(BASE)=10,000 PSI 





FATIGUE [E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


RUTTING {E(SG) =2,500 PSI 
FAILURE jE(SG) =5,000 PSI 
E(SG) =10,000 PSI 
























102 14 24% 
105 29% 
4, a 3 ae 1,097 33% 


SEAT 000 PSI 
295,734 
338,759 
394,384 














E(SG) =5,000 PSI 
E(SG) =10,000 PSI 













E(BASE)=30,000 PSI 


2,174,992 
=] 24% 
2 a 3 1 pee 29% 
10,638 7,878 2 0 35% 


E(SG) =5 ‘000 Psi 1,886,842 
E(SG) =10,000 PSI 1,735,216 

AVERAGE = 
AVERAGE = 74, 73 T5196) 





179 24% 
1 Ae 29% | 
6,644 4, ap 1, =I 35% 
ae ee ee 







RUTTING |E(SG) =2,500 PSI 








E(SG) =10,000 PSI 








NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE H.7 

INCREASE IN LOADS TO FAILURE FOR A 3 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 3,250 LBS/TIRE. 
















E(BASE)=1,000 PSI 100 PSI TO] PERCENT | 100 PSI TO] PERCENT 
ARERESURE [OG (ee | alee ea || coat eres 
FATIGUE {E(SG) =2,500 PSI a .2oz 2,285 946 41% 
ee cs te 
4,374 2,997 1,377 46% 


FAILURE {E(SG) =5,000 PSI 
1,145 48 4% 180 16% 
19,064 905 3% 3,230 17% 
371,204 17,364 3% 65,150 18% 
























E(SG) =10,000 PSI 
RUTTING |E(SG) =2,500 PSI 
FAILURE |E(SG) =5,000 PSI 
E(SG) =10,000 PSI 



























FATIGUE JE(SG) =2,500 PSI 24,873 4,598 38% 16,948 
FAILURE }E(SG) =5,000 PSI 33,753 6,079 63% 24,035 
E(SG) =10,000 PSI 43,325 7,564 66% 31,876 


RUTTING }E(SG) =2,500 PSI 
FAILURE JE(SG) =5,000 PSI 
E(SG) =10,000 PSI 


RUTTING JE(SG) =2,500 PSI 
FAILURE |[E(SG) =5,000 PSI 


801 
7,085 



















30 4% 114 

293 5% 1,104 

5% 15,124 
ee ee 












1,498,628 
1,514,626 
1,558,489 








3% 
4% 
9% 
LS 


RUTTING AVERAGE =| 3,594 5% 11,697 
FATIGUE AVERAGE = 62,998 414,176 













NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 





TABLE H.8 

INCREASE IN LOADS TO FAILURE FOR A3 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 3,750 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TOT PERCENT 
TIRE PRESSURE [40PSI__|70PS! [100PSI | 70PS!I_ | INCREASE 


E(SG) =2,500 PSI 2,344 1,632 712 44% 
E(SG) #5,000 PS 843 cc es 
E(SG) =10,000 PSI 3,212 2,169 1,043 48% | 
RUTTING [E(SG) =2,500 PSI 642 611 30 5% 113 
E(SG) =5,000 PSI 10,217 1,984 
E(SG) =10,000 PSI 198,617 10,778 5% 40,778 
_A= = ire 


E(BASE)=5,000 PS! 
FATIGUE JE(SG) =2,500 PSI 17,067 9,529 3,614 61% 
FAILURE [E(SG) =5,000 PSI Za;510 12,151 4,822 66% 
E(SG) =10,000 PSI 30,083 14,811 6,109 70% 


= 439 38 367 20 5% 
FAILURE jfE(SG) =5,000 PSI 3,900 3,208 
E(SG) =10,000 PSI 50,098 40,510 2,465 6% 

56,115 26,199 

92,340 37 884 


868 770 735 35 
5,381 4,691 4,461 2 
49,223 42,464 40,144 2,321 


E(BASE)=20,000 PS! 


2,429 
10,674 
66,862 


4% 
: 4% 
E(SG) =10,000 PS! 133,539 1% 


AVERAGE = 
AVERAGE =| 56,701 
NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 


1,146,101 
1,188,229 








TABLE H.9 

INCREASE IN LOADS TO FAILURE FOR A 3 INCH ASPHALT, E=150,000 PSI, 
CONCRETE ROAD BY REDUCING TIRE PRESSURE OF A DUAL TIRE SINGLE 
AXLE LOAD OF 4250 LBS/TIRE. 

















E(BASE)=1,000 PSI 100 PSI TO] PERCENT | 100 PSI TO] PERCENT 
TIRE PRESSURE |[40PSI_[70PSI__[100PSI | 7OPSI J INCREASE] 40PSI TOTAL 


E(SG) =2,500 PSI 953 45% 
823 50% 
54 20 


E(SG) =5,000 PSI 
363 6% 1,352 






E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PS! 










3,000 PSI 





E(BASE)= 









E(SG) =2,500 PSI 











E(SG) =10,000 PS! 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PS! 



















E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PS! 


12,050 















23,298 1,560 





E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 






E(SG) =5,000 PS! 
E(SG) =10,000 PSI 
E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) = 


NOTE: E(BASE) = ELASTIC MODULUS OF AGGREGATE 
E(SG) = ELASTIC MODULUS OF SUBGRADE 












TABLE H.10 
INCREASE IN LOADS TO FAILURE FOR 1 INCH ASPHALT CONCRETE, E=150,000 PS!, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSITO | PERCENT | 100PSITO | PERCENT 
TIREPRESSURE |40PSI|—«w70. PS 100 PSI 70PS| | INCREASE]  40Ps! INCREASE 


LOADS TO [E(SG) =2,500 PS! 695 155 69 86 124% 626 907% 

E(SG) =5,000 Ps! 861 179 78 102 131% 783 1009% 
LOADS TO JE(SG) =2,500 PS! 23 10 3 28% 13 130% 
RUTTING J|E(SG) =5,000 PS! 426 176 54 30% 250 142% 


TIRE PRESSURE [40PSi_ 70 Psi F100 Ps! 


LOADS TO [E(SG) =2,500 PSI 30,394 3,506 1,081 2,424 224% 29,312 2711% 
37,691 3,976 1,187 2,789 235% 36,503 3075% 
E(SG) =10,000 PSI 44,553 4,374 1,274 3,100 243% 43,278 3398% 
LOADS TO |E(SG) =2,500 PSI 33 17 12 4 35% 21 169% 
RUTTING JE(SG) =5,000 PS! 319 147 105 42 40% 215 205% 


TIRE PRESSURE [40PSI——s«7O PSII 100 PSI 


LOADS TO fE(SG) =2,500 PSI 562,850 34,199 7,619 26,579 349% 555,208 7287% 
FATIGUE |JE(SG) =5,000 PSI 9a .129 33,044 7,462 25,580 343% 531,645 7125% 
FAILURE [E(SG) =10,000 PSI 476,226 32,577 7,424 25,153 339% 468,783 6315% 


E(BASE)=20,000 PSI 


TIRE PRESSURE J4oPsi_ 70 Psi 100 PSI 


LOADS TO JE(SG) =2,500 PSI 90 46 34 12 35% 55 162% 
RUTTING {E(SG) =5,000 PSI 595 275 195 80 41% 400 205% 
FAILURE [E(SG) =10,000 PSI 5,688 2,382 1,626 757 47% 4,062 250% 


LOADS TO JE(SG) =2,500 PSI | 3,418,937,901| 1,330,456] 128,708] 1,201,697 934%]3,418,666,989]  2656251% 

E(SG) =5,000 PSI 75,243,594] 778,739 97,778 680,933 696%] 75,142,690 76854% 
LOADS TO JE(SG) =2,500 PSI 351 191 145 47 32% 206 143% 
RUTTING JE(SG) =5,000 PS! ea 832 599 233 39% 1,112 185% 
FAILURE 11,505 4,979 fs anf 237% 


E(BASE)=30,000 PSI 


TIRE PRESSURE [40PS| 70 PSI 100 PSI 


LOADS TO 36,952,670] 39,359,928] 1,347,234] 38,011,113 2822%1 35,603,955 2643% 

E(SG) =5,000 PSI 106,782,016] 12,135,455 700,664] 11,434,315 1632%] 106,076,939 15140% 

LOADS TO 858 489 376 113 30% 482 128% 

RUTTING [E(SG) =5,000 PSI 3,667 1,870 1,368 501 37% 2,299 168% 

FAILURE  |E(SG) =10,000 PSI 20,683 6,465 2,848 44% 220% 
| 2,650) 


RUTTING AVERAGE =] 529] 37% 182% 
FATIGUE AVERAGE =| 3,753,670 650%} 565,396,750| _256774% 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE H.11 
INCREASE IN LOADS TO FAILURE FOR 1 INCH ASPHALT CONCRETE, E=150,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,750 LBS/TIRE. 


E(BASE)=1,000 PS! 100 PSITO | PERCENT | 100PSITO] PERCENT 
TRE DAESSURE SES [ers roo raT—] ors | incnease| aorsi | INoRease | 
LOADS TO JE(SG) =2,500 PSI 589 138 59 79 135% 530 
FAILURE jJE(SG) =10,000 PSI 891 177 72 106 147% 820 
LOADS TO }E(SG) =2,500 PSI 15 8 6 Z 33% 9 
FAILURE {E(SG) =10,000 PSI Site 2,810 2,061 749 36% x i I 


E(BASE)=5,000 PSI 


TIREPRESSURE  |40PSIi_‘|[70 PSI 


LOADS TO JE(SG) =2,500 PSI 22019 3,661 1,063 2,599 245% 21,656 
E(SG) =5,000 PSI 28,968 4,223 1,180 3,043 258% 27,787 
E(SG) =10,000 PSI 34,941 4,718 1,279 3,438 269% 33,660 


LOADS TO |E(SG) =2,500 PSI 22 10 7 3 41% 15 
RUTTING |E(SG) =5,000 PSI 217 92 62 29 47% 155 
FAILURE |E(SG) =10,000 PSI 3,001 1,164 767 397 52% 2,234 


E(BASE)=10,000 PSI 


TIRE PRESSURE _[40PSI_ ‘| 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 349,606 41,627 8,448 33,178 393% 341,144 
E(SG) =5,000 PSI 313,246 39,826 8,246 31,579 383% 304,987 
E(SG) =10,000 PSI 293,403 39,047 8,181 30,866 377% 205,211 


LOADS TO [E(SG) =2,500 PSI 58 28 20 8 40% 38 
RUTTING E(SG) =5,000 PSI 402 171 117 55 47% 286 
FAILURE |E(SG) =10,000 PSI 3,975 1,515 984 531 54% 2,991 


E(BASE)=20,000 PSI 


TIRE PRESSURE [40PSI__—‘[70 PSI 100 PSI 


LOADS TO }4E(SG) =2,500 PSI 890,150,940] 2,802,568 188,154 2,614,306 1390%] 889,925,768 472997% 
sae 7e iaeste;|| sano ssson0o “ser shane 
E(SG) =10,000 PSI 8,797,446 841,440 106,620 734,790 689% 8,690,465 

LOADS TO }E(SG) =2,500 PSI 229 Uae} 84 36% 139 

FAILURE jfE(SG) =10,000 PSI 7,928 3,142 2,065 1,077 52% 5,862 


E(BASE)=30,000 PSI 


TIRE PRESSURE |40PSI__‘[70 PSI 100 PSI 


31 
LOADS TO [E(SG) =2,500 PSI 24,252,656] 25,307,708] 3,024,378] 22,282,403 737%] 21,227,395 
FATIGUE |E(SG) =5,000 PS! 70,449,186] 39,581,218] 1,201,180] 38,378,442 3195%} 69,245,126 
LOADS TO [E(SG) =2,500 PSI 539 292 218 74 34% 320 
RUTTING |E(SG) =5,000 PS! 2,388 1,143 cor] an] 138 
FAILURE |E(SG) =10,000 PSI 14,006 5,840 3,890 1,950 50% 10,116 


RUTTING AVERAGE =} 362] 43%) 1,894 
FATIGUE AVERAGE =| 4,976,464 709%} 97,585,881 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE H.12 
INCREASE IN LOADS TO FAILURE FOR 1 INCH ASPHALT CONCRETE, E=150,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSITO | PERCENT | 100 PSI TO 
TREPRESSURE [SESE rose] 7oest | nonease | aoesi INCREASE 

E(SG) =2,500 PSI 445 127 75 143% 756% 
FATIGUE |E(SG) =5,000 PSI 579 150 a: 91 152% a i: 
FAILURE |E(SG) =10,000 PSI 677 167 102 158% 948% 
LOADS TO JE(SG) =2,000 F 10 5 4 1 37% : 181% 
RUTTING [E(SG) =5,000 Ps! 192 89 64 25 40% 200% 
FAILURE }E(SG) =10,000 PSI 4,062 1,295 41% 2,767 214% 






















LOADS TO 








E(BASE)=5,000 PSI 


TIRE PRESSURE |40PSI_ ‘170 PSI 


E(SG) =2,500 PSI 16,489 3,884 1,067 2,816 264% 15,421 1445% 
E(SG) =5,000 PSI 20,965 4,562 1,199 3,362 280% 19,765 1648% 
E(SG) =10,000 PSI 25,201 5,169 1,311 3,858 294% 23,889 1822% 


LOADS TO JE(SG) =2,500 PSI 15 i! 5 46% 11 234% 
RUTTING JE(SG) =5,000 PSI 158 61 40 53% 118 293% 
FAILURE 4&(SG)=10,000 PSI 2,244 794 499 59% 1,744 349% 





E(BASE)=10,000 PSI 


MRE PRESSURE [40psi_ 70 Psi 
LOADS TO [E(SG) =2,500 PSI 243,273 51,116 9,556 41,558 435% 233,708 2446% 
FATIGUE |E(SG) =5,000 PSI 216,813 48,322 9,268 39,052 421% 207,536 2239% 


FAILURE 202,178 47,064 9,166 37,896 413% 193,004 2106% 


LOADS TO JE(SG) =2,500 PSI 41 18 13 6 44% 218% 
RUTTING {JE(SG) =5,000 PSI 291 115 75 40 93% 287% 
FAILURE {E(SG)=10,000 PSI 2,978 1,039 644 395 61% 362% 














E(BASE)=20,000 PSI 


TIRE PRESSURE J40PSi_ [70 PSI 100 PSI 





LOADS TO [E(SG) =2,500 PSI | 44,288,408] 6,907,687 286,554 6,620,857 2311%] 44,000,024 15355% 
E(SG) =5,000 PSI | 20,921,773} 2,393,622 183,427 2,210,103 1205%f 20,737,484 11306% 
E(SG) =10,000 PSI} 5,461,634] 1,273,833 137,989 1,135,796 823% 5,323,423 3858% 








E(BASE)=30,000 PS! 


TIRE PRESSURE |40PSI_—‘|70 PSI MOO PSI | 


LOADS TO [E(SG) =2,500 PSI 17,476,879] 16,376,859] 8,289,947 8,086,575 98% 9,186,550 111% 
E(SG) =10,000 PSI 1340,430,475] 22,047,837] 1,056,416] 20,990,548 1987%] 339,359,943 32125% 

LOADS TO JE(SG) =2,500 PSI 362 188 137 51 37% 225 164% 
FAILURE [E(SG) =10,000 PSI 10,149 3,943 2,532 1,411 56% 7,617 301% 
RUTTING AVERAGE =[ 2637 48% 1433f 253% 





LOADS TO JE(SG) =2,500 PSI 152 75 53 22 40% 99 186% 
RUTTING |E(SG) =5,000 PSI 801 342 229 113 49% 573 251% 
FAILURE [E(SG)=10,000 PSI 5,823 2,145 1,348 796 99% 4,475 332% 




















FATIGUE AVERAGE = 








NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE H.13 
INCREASE IN LOADS TO FAILURE FOR 1 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSITO] PERCENT |100PSI TO] PERCENT 
TIRE PRESSURE [40PSI [70 PSI ees a 70 ole INCREASE] 40PSI_ | INCREASE 


E(SG) = 2,500 PSI : 62% 
E(SG) = 5,000 PSI a 67% 
E(SG) =10,000 PSI a “ 70% 


125 5% 
E(SG) = 5,000 PSI 2,348 i 5% 483 21% 
E(SG) =10,000 PSI 48,504 3,576 7% 11,419 24% 
E(BASE)=5,000 PSI 

i 

E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) =10,000 PSI 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) =10,000 PSI 





























89% 
99% 
108% 


13 19% 
a eS 135 22% 
E(BASE)=10,000 PSI 


TIRE PRESSURE [40 PSI 7OPSI 100 PSI 


E(SG) = 5,000 PSI 
E(SG) =10,000 PSI 






































8, 05 

E(BASE)=20,000 PSI 
TIRE PRESSURE [40PS!__][70PSI_—__100PSI__ 
E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) =10,000 PSI 


1,807 





6,273 

















E(SG) = 5,000 PSI 
E(SG) =10,000 PSI 









———t 30,000 ve 


TIRE PRESSURE 70 PSI 






















22% 

2 oe 771 26% 
: 13,905 4,373 31% 19,927 
RUTTING AVERAGE =| 1,085] 20%] 4551] 60% 
FATIGUE AVERAGE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


E(SG) = 2,500 PSI 
E(SG) = 5,000 PSI 
E(SG) =10,000 PS] 





























TABLE H.14 
INCREASE IN LOADS TO FAILURE FOR 1 INCH ASPHALT CONCRETE, E=1,000,000 PS!, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,750 LBS/TIRE. 


E(BASE)=1,000 PS! 100 PS! TO] PERCENT 4100 PSI TO} PERCENT 
TREPRESSURE TOPS! OPS [ROPE] _7opsi_| worease | aoesi_| noRease | 
LOADS TO JE(SG) =2,500 PS! 1.747 875 229 346 65% 1,188 224% 
FATIGUE |E(SG) =5,000 PS! 2,369 1,418 655 463 71% TAs 262% 
LOADS TO JE(SG) =2,500 PS! 83 71 67 4 6% 16 
FAILURE JE(SG) =10,000 PS! 33,247 28,143 26,548 1,595 6% 6,699 


E(BASE)=5,000 PS! 


TIRE PRESSURE |[40PSI [70 PSI 


LOADS TO JE(SG) =2,500 PS! 125 4,202 2,174 2.027 93% 8,950 412% 
E(SG) =5,000 PS! 18,435 5,967 2,912 3,055 105% 15,523 533% 
E(SG) =10,000 PSI 28,395 7,952 3,683 4,269 116% 24,712 671% 


LOADS TO JE(SG) =2,500 PS! 67 45 37 8 22% 30 82% 
RUTTING JE(SG) =5,000 PS! 721 428 341 87 26% 381 112% 
FAILURE  {JE(SG) =10,000 PSI 10,286 Diloe 4,473 1,281 29% 5,813 130% 


E(BASE)=10,000 PS! 


TIRE PRESSURE [40PS!  [70PS! |100PS!_ | 


LOADS TO JE(SG) =2,500 PSI 38,197 12,253 5,685 6,568 116% 32,912 572% 
FATIGUE [E(SG) =5,000 PSI 60,701 16,690 7,299 9,391 129% 53,402 732% 
FAILURE {E(SG) =10,000 PS! 95,977 22,370 9,216 13,154 143% 86,761 941% 


LOADS TO JE(SG) =2,500 PS! 130 80 65 16 24% 65 100% 
RUTTING JE(SG) =5,000 PS! 908 316 402 114 28% 306 126% 
FAILURE |E(SG) =10,000 PSI} 3,11 4,812 3,619 1,193 33% Sins 154% 


E(BASE)=20,000 PS! 


TIRE PRESSURE |40PS!I [70 PSI 100 PSI 


LOADS TO [JE(SG) =2,500 PS! 216,008 29,995 21,939 194,068 885% 
E(SG) =5,000 PSI 301,018 69,177 25,799 275,218 1067% 
E(SG) =10,000 PS! 438,594 87,256 30,814 407,780 1323% 


LOADS TO {E(SG) =2,500 PS! 396 244 195 48 25% 200 103% 
RUTTING JE(SG) =5,000 PSI 1,962 1,097 845 252 30% 1,117 132% 
FAILURE  |E&(SG) =10,000 PSI 13,514 6,849 9,065 1,784 35% 8,449 167% 


E(BASE)=30,000 PS! 
TIRE PRESSURE [40PS|__[70PSI___[100PS|_| 
LOADS TO [E(SG) =2,500 PS! 843,446 182,875 61,485 121,390 197% 781,961 1272% 
1,042,171 208,304 67 ,699 140,605 208% 974,472 1439% 
E(SG) =10,000 PS! 


1,364,014 245,029 76,374 168,654 221%] 1,287,640 1686% 


LOADS TO J[E(SG) =2,500 PSI 917 569 456 113 25% 461 101% 
FAILURE E(SG) =10,000 PSI 21,684 11,005 8,080 2,925 36% 13,604 168% 
RUTTING AVERAGE = 
FATIGUE AVERAGE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE H.15 
INCREASE IN LOADS TO FAILURE FOR 1 INCH ASPHALT CONCRETE, E=1,000,000 PS!, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TO | PERCENT [100 PSI TO 
TREPRESTIRE TOPS —fropsi—fFOOPST—] “7oPsi_| nonease| <oPs1 INCREASE 
LOADS TO mo =2,500 PSI 1,265 415 70% 
FATIGUE arene = 000 PSI 1,755 eh 519 = 75% 1 eS 
LOADS TO EGG) = =2, 500 PSI 50 42 1% 28% 
obec | | ad a als 
FAILURE  |E(SG) =10,000 PSI 20,047 16,511 15,391 1,119 7% 30% 



























E(BASE)=5,000 PSI 
TIRE PRESSURE [40PS|__[70PSI___[100PS1__ 
LOADS TO JE(SG) =2,500 PSI : 3,567 1,799 1,768 
E(SG) =5,000 PSI 5,192 2,456 2,736 
E(SG) =10,000 PSI 7,071 3,156 3,914 


LOADS TO [fE(SG) =2,500 PSI 40 28 22 6 25% 
RUTTING fE(SG) =5,000 PSI 456 269 209 60 29% 
FAILURE JE(SG) =10,000 PSI 6,934 3,697 2,761 896 32% 


E(BASE)=10,000 PSI 
























5,924 23,382 478% 


TIRE PRESSURE [40 PSI__|70 PSI ee 
8,713 38,844 607% 


LOADS TO [E(SG) =2,500 PSI 28,269 10,811 

E(SG) = =5,000 PSI 45,238 15,107 

71,896 20,769 12,543 63,670 774% 
TOADS TO TE(SG) =2,500 PSI 80 50 40 11 27% 40 101% 
RUTTING [E(SG) =5,000 PSI 608 327 248 79 32% 360 145% 









E(BASE)=20,000 PSI 


TIRE PRESSURE |40PSI__J7OPsi__‘[i00 PS!_| 
42,496 178% 


LOADS TO E(SG) = =2,500 PSI 158,426 
E(SG) = =10,000 PSI 324,067 29,018 56,848 196% 
253 152 119 33 28% 134 112% 
1,314 699 524 175 33% 790 151% 
E(BASE)=30, on PSI 


TIRE PRESSURE [40PSI_]70PSI___[100PS|_ 





32,647 163% 












LOADS TO JE(SG) =2,500 PSI 614,069 182, mB 28,983 123,279 209% 555,086 941% 
FATIGUE |E(SG) =5,000 PSI 159.217 210,503 65,612 144,891 221% 693,605 1057% 
FAILURE  fE(SG) =10,000 PSI 994,160 252,678 74,949 177,729 237% 919,211 1226% 











LOADS TO }E(SG) =2,500 PSI 988 395 279 76 27% 309 111% 
E(SG) =5,000 PSI 2,989 1,386 1,041 345 33% 1,548 149% 
E(SG) =10,000 PSI 15,002 7,151 5,094 2,057 40% 9,908 195% 


RUTTING AVERAGE = 2,173 
FATIGUE AVERAGE = 40,976 145% 197 667 649% 

















NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE H.16 
INCREASE IN LOADS TO FAILURE FOR 2 INCH ASPHALT CONCRETE, E=150,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TO] PERCENT {100 PSI TO] PERCENT 
TIRE PRESSURE [40PSI 70 — _ —_ 70 =, INCREASE 40 PSI INCREASE 


60% 
1, Fe = a 65% 
1 = 838 663 = 


E(BASE)=5,000 PSI 


TIRE PRESSURE [40PSI 70 PSI 100 ee 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
=2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 















E(SG) =5,000 PSI 
E(SG) =10,000 PSI 





19% 





E(SG) =5,000 PSI 
E(SG) =10,000 PSI 





























E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


LOADS TO {E(SG) =2,500 PSI 
RUTTING [E(SG) =5,000 PSI 
FAILURE |E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 







18% 
1,102 255 23% 













E(BASE)=30,000 PSI 






TIRE PRESSURE [40PSI 70 PSI 100PSI | 


E(SG) =5,000 PSI 





E(SG) =10,000 PSI 





76% 





19% 







23% 97% 
i : 28% 122% 
RUTTING AVERAGE =| 1,406] 19%] 6,004] 79% 
FATIGUE AVERAGE =| 66,000 132%] 710,966] __1098% 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 




















TABLE H.17 
INCREASE IN LOADS TO FAILURE FOR 2 INCH ASPHALT CONCRETE, E=150,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,750 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSITO] PERCENT ]100PSI TO] PERCENT 
TREPRESSURE SPS — [SES [OPST—] 7orsi | increase | aopsi_| WCREASE, 
LOADS TO [E(SG) =2,500 PSI 1,279 685 419 266 63% 860 205% 
FATIGUE |E(SG) =5,000 PS! 1,709 857 510 68% 235% 
FAILURE 2,058 576 411 71% 1,482 257% 
LOADS TO |E(SG) =2,500 PSI T00 86 82 5 6% 19 23% 
RUTTING |E(SG) =5,000 PSI 1,853] 1,579 6% 367 25% 
E(BASE)=5,000 PSI 
TREPRESSURE QPS — rors PT] 
LOADS TO [E(SG) =2,500 PSI 10,109] 3,942 2,040 1,902 93% 8,070 396% 
E(SG) =5,000 PSI 15,196] 5,242 2,585 2,656 103% 12,610 488% 
21,379] 6,605 3,124 3,481 111% 18,255 584% 


LOADS TO JE(SG) =2,500 PSI 88 66 5) 11 20% 33 60% 
RUTTING JE(SG) =5,000 PSI 939 608 493 115 23% 445 90% 
FAILURE {E(SG) =10,000 PSI 13,514 GEES) 6,330 1,623 26% 7,184 113% 






























E(BASE)=10,000 PSI 


TIRE PRESSURE |[40PSI__|70PSI [100 PSI 


LOADS TO [E(SG) =2,500 PSI 43,846 13,948 6,380 7,502 119% 37,466 587% 
E(SG) =5,000 PSI 61,047 17,366 7,019 9,747 128% 93,428 701% 
E(SG) =10,000 PSI 83,624 Zlneou 8,943 12,307 138% 74,682 835% 


LOADS TO JE(SG) =2,500 PSI 185 125 103 22 22% 82 80% 
RUTTING [E(SG) =5,000 PSI 1,311 785 625 160 26% 687 110% 
FAILURE [E(SG) =10,000 PSI 12,815 TPs) 2 Ur URS PAL 29% 7,307 133% 











E(BASE)=20,000 PSI 

TIRE PRESSURE [40PS! [70 PSI _f1i00PSI_ 

LOADS TO JE(SG) =2,500 PSI 387,309] 88,494 32,763 55,731 170%] 354,546 1082% 
FATIGUE |E(SG) =5,000 PSI 444,941] 96,244 34,926 61,318 176%1 410,014 1174% 


FAILURE 520,593] 105,696 37,500 68,195 182% 483,093 1288% 


LOADS TO JE(SG) =2,500 PSI 395 384 314 70 22% 281 90% 
RUTTING [E(SG) =5,000 PSI 2,926 1731 1,368 362 26% 1008 114% 
FAILURE fE(SG) =10,000 PSI 19,892 10,746 S107 Zoo 32% 11,739 144% 


E(BASE)=30,000 PSI 
TIRE PRESSURE |40PSi_—_—sf70PSI_=-f100Psi_| 
LOADS TO [E(SG) =2,500 PS| 2,534,820] 396,437 118,148 278,289 236%] 2,416,672 2045% 
2,337,239] 378,453 114,471 263,982 231%] 2,222,768 1942% 
E(SG) =10,000 PSI 


2,232,834] 368,920 VWigwee 256,398 228%] 2,120,311 1884% 


LOADS TO |E(SG) =2,500 PSI 1,331 867 711 156 22% 620 87% 
5,688] 3,397 2,680 717 27% 3,008 112% 
FAILURE _|E(SG) =10,000 PS! 31,975] 17,334 13,135 4,199 32% 18,840 143% 
RUTTING AVERAGE =} 910} 22%] 3,995] 90% 
FATIGUE AVERAGE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 




















TABLE H.18 
INCREASE IN LOADS TO FAILURE FOR 2 INCH ASPHALT CONCRETE, E=150,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TO} PERCENT }{100PSI TO] PERCENT 
LOADS TO JE(SG) =2,500 PSI 946 547 328 67% 
FAILURE jJE(SG) =10,000 PSI 535 803 458 345 15% 
LOADS TO JE(SG) =2,500 PSI 60 51 47 a 1% 
E(SG) =10,000 PSI 23,205 19,138 17,866 Were 7% : 
a 000 PSI 
ee 
1,645 


LOADS TO — =2,500 PSI 
E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


=2, 52 
E(SG) =5,000 PSI 559 379 — 
E(SG) =10,000 PSI 8,476] 5,007 
EEA) 8 000 PSI 
ee 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


LOADS TO JE(SG) =2,500 PSI ls) 24% 
RUTTING [E(SG) =5,000 PSI 29% 
FAILURE JE(SG) =10,000 PSI . 33% 


E(BASE)=20,000 PSI 


TIRE PRESSURE _[40PS! 70 PSI 100 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
BASE) a 000 PSI 
1509% 
1431% 
1388% 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
RUTTING AVERAGE = 
FATIGUE AVERAGE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 








TABLE H.19 
INCREASE IN LOADS TO FAILURE FOR 2 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TO] PERCENT |100 PSI TOT PERCENT 
TIRE PRESSURE [40PSI [70 PSI 100 PSI 70PS| | INCREASE] 40PSI | INCREASE 
E(SG) =2,500 PSI 20,721 14,857 10,878 3,978 37% 9,843 


E(SG) =5,000 PS! 26,879 18,611 13,371 5,240 39% 13,508 
E(SG) =10,000 PSI 32,284 21,785 15,429 6,356 41% 16,855 


LOADS TO JfE(SG) =2,500 PSI 4,351 3,954 3,807 146 4% 944 
RUTTING |E(SG) =5,000 PSI 67,719 60,945 58,487 2,458 4% 9,232 
FAILURE f[E(SG) =10,000PSI} 1,265,389] 1,133,158] 1,084,622 48 537 4% 180,767 


E(BASE)=5,000 PSI 
TIRE PRESSURE |40PSI _|70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 47,602 30,357 21,158 9,198 43% 26,443 125% 
E(SG) =5,000 PSI 73,683 43,494 29,279 14,214 49% 44,404 152% 
E(SG) =10,000 PSI 110,730 60,217 39,142 21,075 94% 71,588 183% 


LOADS TO JE(SG) =2,500 PSI 1,219 
FAILURE |E(SG) =10,000 PSI 131,575 
E(BASE)=10,000 PSI 
TREERESSOREOPS ors OPT] 
E(SG) =2,500 PSI 86,635 50,548 33,893 16,655 52,742 156% 
SE TiGuE ol ie oe ee ee 
FAILURE |E(SG)=10,000PSI} 210,996] 101,761 63,043 38,718 
LOADS TO |E(SG) =2,500 PSI 1,681 1,525 1,473 52 4% 208 14% 
RUTTING {E(SG) =5,000 PSI 10,967 9,850 9,467 383 4% 1,501 16% 
E(BASE)=20,000 PSI 
TREPRESSURE [OPS POPS P| 


LOADS TO JE(SG) =2,500 PSI 214,488 109,044 69,004 40,040 58% 145,484 211% 
FATIGUE |JE(SG) =5,000 PSI 313,502 146,023 89,075 96,948 64% 224,427 252% 
E(SG) =10,000 PSI 


FAILURE 482,952 201,187 117,596 83,591 71% 365,356 311% 


LOADS TO JE(SG) =2,500 PSI 3,379 3,102 3,009 94 3% Sofi 12% 
RUTTING JE(SG) =5,000 PSI 16,885 15,335 14,625 710 5% 2258 15% 
FAILURE  JE(SG) =10,000 PSI 117,138 103,540 90,383 13,157 15% 26,755 30% 

81,120 268% 








































LOADS TO 

















E(BASE)=30,000 PS! 
TIRE PRESSURE [40PSI__-[70PSi__‘f100PS!_| 
E(SG) =2,500 PSI 202,118] 120,998 
E(SG) =5,000 PSI 73% 
E(SG) =10,000 PSI 80% 


LOADS TO [E(SG) =2,500 PSI 6,292 5,823 5,605 4% 12% 
77'580| 28062 22.206, 256, 3% sasq] 2a 
FAILURE |E(SG)=10,000PSI] 159,656] 130,490] 113,105 17,385 15%} 46,551 41% 
RUTTING AVERAGE =] 6.436} 6%] 27,001] 19% 
FATIGUE AVERAGE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 


67% 





















TABLE H.20 
INCREASE IN LOADS TO FAILURE FOR 2 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,750 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSI TO] PERCENT [100PSITO] PERCENT 
TRE PRESSURE [OOPS — [POPS [OOPST |" 70s1 
LOADS TO Zor =2,500 PSI 17,626] 13,378 9,779 3,599 37% 7,648 80% 
FATIGUE 22,867} 16,845} 12,073 4,771 40% 10,794 89% 
FAILURE JE(SG)=10,000Psi| _27.476| 19792] 13.984 5,808 42% 13,492 96% 


LOADS TO JE(SG) =2,500 PSI 2,889 2,209 2,477 112 5% 412 17% 
RUTTING JE(SG) =5,000 PSI 44,742 39,691 oe 7438) 1,902 5% 6,953 18% 
FAILURE [E(SG) =10,000 PSI 833,056 734,504 698,630 35,875 5% 134,427 19% 




















E(BASE)=5,000 PSI 


TIRE PRESSURE [40 PSI J70PSI_ 100 PS! 


LOADS TO el =2,500 PSI 38,842 26,879 18,684 8,196 44% 20,158 108% 
=0.160) e000] 28,121 rae] om ~~ ie: 
E(SG) =10, 000 PSI 90,533 54,702 35,342 19,360 55% 55,191 156% 
LOADS TO JE(SG) =2,500 PSI 863 767 734 34 5% 130 18% 
FAILURE JE(SG) =10,000 PSI 93,804 81,298 76,953 4,345 6% 16,852 22% 












E(BASE)=10,000 PSI 


TIRE PRESSURE |40PSI_f7o PSI fi00 PSI 


LOADS TO |E(SG) =2,500 PSI 67,924 44,001 29,563 14,438 49% 38,361 130% 
FATIGUE |E(SG) =5,000 PSI 105,270 63,350 40,922 22,429 55% 64,349 157% 
FAILURE 165,774 91,440 56,612 aa] 109,162 193% 
LOADS TO |E(SG) =2,500 PSI 1,043 933 896 38 4% 147 16% 
RUTTING }E(SG) =5,000 PSI 6,787 5,980 5,704 276 5% 1,083 19% 






E(BASE)=20,000 PSI 


TIRE PRESSURE ]40PSI__|70PSI ]100PsI 


LOADS TO JE(SG) =2,500 PSI [| 160,482 93,544 59,312 34,232 58% 101,170 171% 
FATIGUE [E(SG) =5,090 PSI 235,387 127,426 77,768 49 658 64% 157,619 203% 
FAILURE |E(SG) =10,000 PSI 363,150 178,839 104,378 74,460 71% 258,772 248% 


LOADS TO }E(SG) =2,500 PSI 2,027 1,831 1,766 65 4% 261 15% 
RUTTING }JE(SG) =5,000 PSI 10,115 9,043 8,670 373 4% 1,446 17% 
FAILURE {E(SG) =10,000 PSI 69,903 61,618 96,369 9,249 9% 13,534 24% 















E(BASE)=30,000 —- 


TIRE PRESSURE [40PSI [70 PSI 


LOADS TO JE(SG) =2,500 PSI 320,636 170, sot 102,913 68,007 66% 217,723 212% 
E(SG) =5,000 PSI 446,371 221,964 128,973 92,992 72% 317,398 246% 
E(SG) =10,000 PSI 660,987 299,454 166,678 132,776 “ 494, = 297% 


LOADS TO JE(SG) =2,500 PSI 3,687 3,362 3,258 103 13% 
FAILURE E(SG) =10,000 PSI 93,548 81,601 69,831 11 _ 17% 23, - 34% 
RUTTING AVERAGE = 
FATIGUE AVERAGE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 




















TABLE H.21 
INCREASE IN LOADS TO FAILURE FOR 2 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI PERCENT 

INCREASE 
LOADS TO JE(SG) =2,500 PSI 10,072 7,612 5,672 78% 
FATIGUE |E(SG) =5,000 PSI 13,190 9,663 86% 
FAILURE E(SG)=10,000PSI] 15,954 93% 


LOADS TO JE(SG) =2,500 PSI 20% 
RUTTING J[E(SG) =5,000 PS! 21% 
FAILURE 23% 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(BASE)=10,000 PSI 


TIRE PRESSURE 70 PSI 100 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(BASE)=30,000 PSI 


TIRE PRESSURE {40 PSI 70 PSI 100 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


RUTTING AVERAGE = 2,455 8,275 
FATIGUE AVERAGE = 28,968 84,714 161% 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE H.22 
INCREASE IN LOADS TO FAILURE FOR A 3 INCH ASPHALT CONCRETE, E=150,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,250 LBS/TIRE. 


_____—s—s—sSSSSSCSC*ST:E(BASE)=1000 PST J 100 PSI TO] PERCENT ] 100 PSI TO] PERCENT 
aS See eee | meses | ere) eee 
LOADS TO JE(SG) =2,500 PSI 5,205 3,365 2,370 995 42% 2,836 120% 
FATIGUE JE(SG) =5,000 PSI 6,271 3,942 2,731 1,211 44% 3,540 130% 
FAILURE 7,089] 4,355] 2,991 46% 4,098 137% 
LOADS TO JE(SG) =2,500 PSI 1,450 1,303 1,249 54 4% 201 16% 
RUTTING {E&(SG) =5,000 PSI 23,965 21,428 20,442 986 5% 3,524 17% 















E(BASE)=5,000 PSI 


TIRE PRESSURE |40PSI__[70PSI  |100PSI __ 


LOADS TO JE(SG) =2,500 PSI 26,479 13,150 8,268 4,881 39% 18,210 220% 
FATIGUE }E(SG) =5,000 PSI 34,840 16,215 9,939 6,276 63% 24,901 251% 
FAILURE fE(SG) =10,000 PSI 44,099 19,290 11,551 7,739 67% 32,549 282% 


LOADS TO {E(SG) =2,500 PS! 867 774 742 33 4% 125 17% 
RUTTING [E(SG) =5,000 PSI 7,939 6,664 6,349 315 3% 1,190 19% 
FAILURE {fE(SG) =10,000 PSI 94,373 82,607 78,465 4,142 9% 15,907 20% 











E(BASE)=10,000 PSI 


TIRE PRESSURE [40PSI__|[70PSI_|100PSI_| 


LOADS TO jJE(SG) =2,500 PSI 86,578 34,840 20,168 14,672 73% 66,410 329% 
FATIGUE JE(SG) =5,000 PSI 108,246 40,855 23,111 17,744 71% 85,135 368% 
FAILURE  JE(SG) =10,000 PSI 134,829 47,579 26,308 210271 81% 108,521 412% 


LOADS TO JE(SG) =2,500 PSI 1,711 1,542 1,482 29 4% 229 15% 
RUTTING JE(SG) =5,000 PSI 10,495 9,343 8,926 417 5% 1,570 18% 
FAILURE {E(SG) =10,000 PSI 93,959 82,695 78,755 3,940 3% 15,204 19% 











E(BASE)=20,000 PSI 


TIRE PRESSURE |40PSI_[70PSI [100PSI_| 


LOADS TO JE(SG) =2,500 PSI 464,220] 138,076) 70,166 67,909 97%] 394,054 562% 
FATIGUE 514,760] 148,639] 74,535 74,103 99%] 440,225 591% 
FAILURE |E(SG) =10,000 PS! 578,861] 161,445] 79,816 81,629 102%] 499,045 625% 
E(SG) =2,500 PSI 5,444 4,965 4,798 166 3% 645 13% 
RUTTING E(S@) = 5, 000 PSI 24, ae 22,384] 21,513 871 4% 3,345 16% 
od PSI 


TIRE PRESSURE |40PSI__[70PSI__]100PSI __ 


LOADS TO JE(SG) =2,500 PSI 1,653,136] 393,024] 178,853 214,171 120%} 1,474,283 824% 
E(SG) =5,000 PSI 1,673,173} 396,437} 180,074 216,363 120%] 1,493,099 829% 
E(SG) =10,000 PSI 1,725,837} 405,141] 183,301 221 & = = 1,542,536 842% 



















LOADS TO JE(SG) =2,500 PSI 12,460] 11,465] 11,118 1,342 12% 
62,959} 45,499] 43,940 ae 19,019 43% 
FAILURE _]E(SG) =10,000 PSI 261,980} 235,866] 214,982 20,884 10% 46,998 — 
AVERAGE FOR RUTTING = a 
AVERAGE FOR FATIGUE = 719 428 — 











NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE H.23 
INCREASE IN LOADS TO FAILURE FOR A 3 INCH ASPHALT CONCRETE, E=150,000 PSI ROAD BY 


REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,750 LBS/TIRE. 
100 PSI TO} PERCENT | 100 PS! TO 
TIRE PRESSURE RES [PS [ROPE] | 7oPsi | Increase 40 PSI_|_ INCREASE 
LOADS TO JE(SG) =2,500 PSI 3,535] 2,445] 1,698 747 44% 1,837 108% 
FATIGUE |E(SG) =5,000 PSI 4,279] 2,877] 1,967 910 46% 2,312 118% 
FAILURE 4,837| 3,193] 2,162 1,031 48% 2,675 124% 


LOADS TO JE(SG) =2,500 PS! 794 702 668 34 5% 126 19% 
RUTTING [E(SG) =5,000 PS! 13,135 11,545 10,930 614 6% 2,205 20% 
FAILURE j;E(SG) =10,000 PSI 254,696] 222,076] 210,360 LAS 6% 44,336 21% 




















E(BASE)=5,000 PS! 


TIRE PRESSURE 40PSI 70 PS! 100 PS! 





LOADS TO JE(SG) =2,500 PS! 18,229 9,995 6,179 3,816 62% 12,050 195% 
FATIGUE JE(SG) =5,000 PS! 24,109 12,485 7,482 5,003 67% 16,627 222% 
FAILURE |JE(SG) =10,000 PS! 30,661 15,002 8,797 6,205 71% 21,864 249% 









E(BASE)=10,000 PS! 


TIRE PRESSURE [40PS! [70 PSI 


LOADS TO }E(SG) =2,500 PS! 59,835 27,565 15,593 11,972 17% 44,242 284% 
7e0| 2683] 12.002| 1466 s715o| 310% 
E(SG) =10,000 PS! 94,055 38,484 20,670 17,814 86% 73,385 355% 
LOADS TO [E(SG) =2,500 PS! 937 829 791 38 5% 146 18% 
FAILURE |JE(SG) =10,000 PS! 51,880 44,659 42,192 2,467 6% 9,688 23% 


LOADS TO JE(SG) =2,500 PS! 475 417 397 21 5% 78 20% 
RUTTING JE(SG) =5,000 PS! 4,152 3,590 3,397 193 6% (eS) 22% 
FAILURE |[E(SG) =10,000 PS! O26 44,680 42,076 2,604 6% 10,105 24% 








E(BASE)=20,000 PSI 
TIRE PRESSURE 70 PSI 


LOADS TO fE(SG) =2,500 PS! 329,963} 115,565 56,763 58,802 104% 273,200 481% 
FATIGUE [E(SG) =5,000 PSI 370,801] 125,209 60,600 64,609 107% 310,202 512% 
FAILURE [E(SG) =10,000 PSI 423,683} 137,040 65,236 71,803 110% 358,447 549% 


LOADS TO [E(SG) =2,500 PS! 2,963 2,660 2,557] 67 3% 259 11% 
RUTTING |E(SG) =5,000 PSI 13,610] 12,033] 11,505 229 3% 898 13% 
FAILURE |E(SG) =10,000 PSI 85,809] 74,926] 71,247 981 4% 3,814 15% 


E(BASE)=30,000 PS! 
TIRE PRESSURE [40PS!__][70PS! [100 Psi 
LOADS TO JE(SG) =2,500 PS! 1,258,234] 346,132] 151,345 194,788 129%] 1,106,889 731% 
FATIGUE 1,278,561 349,315) 152,524 196,790 129%] 1,126,037 738% 
E(SG) =10, PSI 


FAILURE 1,328,793] 357,890} 155,425 202,465 130%] 1,173,368 755% 


LOADS TO JE(SG) =2,500 PS! 6,766 6,125 23,910 215 4% 856 14% 
RUTTING {E(SG) =5,000 PSI 27,331 24,357 23,392 965 4% 3,939 17% 
FAILURE {E(SG) =10,000 PSI 143,654] 126,780] 118,224 8,556 7% 25,429 22% 


AVERAGE FOR RUTTING = 1,931 
AVERAGE FOR FATIGUE = 2,775 9,916 383% 

























NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE H.24 
INCREASE IN LOADS TO FAILURE FOR A3 INCH ASPHALT CONCRETE, E=150,000 PSI ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 4,250 LBS/TIRE. 


100 PSI TO] PERCENT | 100 PSI TO 
INCREASE 
LOADS TO JE(SG) =2,500 PSI 202 1,856 1,272 584 46% 1,280 101% 
FATIGUE 3,093 2,197 1,482 48% 1,611 109% 
FAILURE E(SG) =10,000 PSI 3,506 2,450 1,635 814 50% 1,870 114% 
LOADS TO JE(SG) =2,500 PSI 471 409 387 22 6% 85 22% 
RUTTING JE(SG) =5,000 PSI 7 828 6,725 376 6% 1,479 23% 
151,721] 129,799] 122,055 7,744 6% 29,665 24% 





















E(BASE)=5,000 PSI 


TIRE PRESSURE _|40PSI__|70PSI [100 PSI 


E(SG) =2,500 PSI 13,354 7,929 4,826 3099 64% 8,528 177% 
E(SG) =5,000 PSI 12,767 9,995 5,901 4,095 69% 11,866 201% 
E(SG) =10,000 PSI 22,711 12,191 6,981 2, 169 74% 15,730 225% 


LOADS TO JE(SG) =2,500 PSI 282 244 230 14 6% 52 23% 
RUTTING fE(SG) =5,000 PSI 2,477 2,100 1,971 128 7% 506 26% 
FAILURE {fE(SG) =10,000 PSI 31,294 26,221 24,457 1,764 7% 6,837 28% 











E(BASE)=10,000 PSI 


TIRE PRESSURE 40PS| 70 PSI 100 PSI 


E(SG) =2,500 PSI 44,237 22,580 toca 10,057 80% 31,714 253% 
E(SG) =5,000 PSI 95,847 27 ,061 14,578 12,483 86% 41,270 283% 
E(SG) =10,000 PSI 70,238 32,211 16,881 15,330 91% 93,358 316% 








E(BASE)=20,000 PS! 


TIRE PRESSURE [40PSI__[70PSI [100 PSI 


LOADS TO JE(SG) =2,500 PSI 246,017 99,853 47,927 31,926 108% 198,090 413% 
E(SG) =5,000 PSI 277,097} 108,880 91,402 57,479 112% 225,695 439% 
E(SG) =10,000 PSI 317,834} 120,008 299,630 64,373 116% 262,199 471% 


LOADS TO |E(SG) =2,500 PSI 1,750 1,545 1,476] 69 5% 274 19% 
RUTTING |JE(SG) =5,000 PSI 8,080 6,998 6,644 354 5% 1,436 22% 
FAILURE  |{E(SG) =10,000 PSI 51,188 43,737 41,275 2,462 6% 9,913 24% 


LOADS TO JE(SG) =2,500 PSI 556 483 458 25 6% 98 21% 
RUTTING [JE(SG) =5,000 PSI 3,442 2,941 2,768 172 6% 674 24% 
FAILURE JE(SG) =10,000 PSI 31,026 26,113 24,457 1,656 7% 6,570 27% 








E(BASE)=30,000 PSI 
TIRE PRESSURE 40PS| 70 PSI 100 PSI 


LOADS TO JE(SG) =2,500 PSI 947,354] 314,004] 132,500 181,504 137% 814,854 615% 
FATIGUE {JE(SG) =5,000 PSI 962,473] 317,063] 133,492 183,571 138% 828,981 621% 
FAILURE {E(SG) =10,000 PSI 1,001,671] 325,411} 136,269 189,142 139% 865,402 635% 


LOADS TO JE(SG) =2,500 PS! 3,986 3,552 3,406 146 4% 580 17% 
FAILURE E(SG) =10,000 PSI 85,440 73,840 70,047 3,794 5% 15,394 22% 
AVERAGE FOR RUTTING = 
AVERAGE FOR FATIGUE = 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 














TABLE H.25 
INCREASE IN LOADS TO FAILURE FOR 3 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,250 LBS/TIRE. 


E(BASE)=1,000 — 100 PS! TO} PERCENT {100 PSI TO] PERCENT 
TREPRESSURE TORS [OPS FOF —| “rors | wonease| roi | onEAse | 
: : 67% 
E(SG) = =5,000 PSI } 
E(SG) =10,000 PSI = : 
LOADS TO JE(SG) =2,500 PSI 
FAILURE E(SG) =10,000 PSI : ; : ; 4 ; 3% 


E(BASE)=5,000 PSI 
TIRE PRESSURE [40PSI__ [70 PSI 100 PSI 


95,471 

E(SG) =5,000 PSI ; 137,080 
E(SG) =10,000 PSI ; 188 384 
1,563 

E(SG) =5,000 PSI 14,634 
E(SG) =10,000 PSI 181,709 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI ; 161,707 
E(SG) =10,000 PSI 216,992 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


RUTTING AVERAGE = 46,990 173,737 
FATIGUE AVERAGE = 122,921 394,588 120% 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 





TABLE H.26 
INCREASE IN LOADS TO FAILURE FOR 3 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 3,750 LBS/TIRE. 


E(BASE)=1,000 PS! 


TIRE PRESSURE [40PS! |70PSI]100PSI 


E(SG) =2,500 PSI 79,817 64,970 49,940 

E(SG) =5,000 PS! 96,154 77,034 58,471 
LOADS TO [E(SG) =2,500 PS! 34,581 3213 
FAILURE E(SG) =10,000 PSI} 10,161,223] 9,319,158 


108,524 86,096 64,758 
E(BASE)=5,000 PSI 


31,160 
TIRE PRESSURE [40PSI J70PSI Ji00 PSI 


483,801 
8,998,165 

E(SG) =2,500 PSI 140,949 108,836 80,939 

E(SG) =5,000 PSI 190,230 142,417 103,594 

LOADS TO JE(SG) =2,500 PSI 
FAILURE jfE(SG) =10,000 PS! 


LOADS TO 


LOADS TO 


248,051 180,238 128,455 
7,468 
99,039 
658,142 
E(BASE)=10,000 PS! 


TIRE PRESSURE {40PS!I —s: {70 PSI 100PS!I | 


E(SG) =2,500 PSI 
E(SG) =5,000 PS! 
E(SG) =10,000 PS! 


219,868 
299,454 
406,284 

9,191 


161,522 
211,986 
276,170 
8,395 
54,688 49,176 
450,808 399,889 


LOADS TO [E(SG) =2,500 PS! 
FAILURE {E(SG)=10,000 PS! 
E(BASE)=20,000 PS! 


TIRE PRESSURE [40PS!_170 PSI HOOPS! | 


E(SG) =5,000 PSI 
E(SG) =10,000 PS! 


117,022 
149,907 
190,445 


47,150 
381,621 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 
E(BASE)=30,000 PSI 


TIRE PRESSURE [40PS![70PSI]100Ps!_ 
E(SG) =2,500 PSI 771,129 490,288 

E(SG) =5,000 PSI 988 594 604 237 

E(SG) =10,000 PSI 

E(SG) =5,000 PSI 


1,295,997 736,602 
24,457 
E(SG) =10,000 PSI 


98,198 
489,583 





NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 


E(SG) = SUBGRADE ELASTIC MODULUS 


953 3% 
16,405 3% 
320,993 4% 


PERCENT 
INCREASE 


100 PS! TO] PERCENT |100 PSI TO 
15,030 30% 
18,563 32% 
Ja) BEF 33% 


a 
Ce 


S 
Ss 


3,422 
59,168 
1,163,059 


27,897 
38,824 


34% 

37% 

286 4% 
2,456 4% 


44,500 
62,079 
85,724 


60,010 
86,636 
119,597 
1,008 
9,096 
113,161 


121,704 
164,991 





107,229 
246,945 


1 





TABLE H.27 
INCREASE IN LOADS TO FAILURE FOR 3 INCH ASPHALT CONCRETE, E=1,000,000 PSI, ROAD BY 
REDUCING TIRE PRESSURE OF A TANDEM AXLE WITH A TIRE LOAD OF 4,250 LBS/TIRE. 


E(BASE)=1,000 PSI 100 PSITO| PERCENT |100PSI TOT PERCENT 
TIRE PRESSURE |40PSI_[70 PSI —o 70PS!| | INCREASE] 40PSI | INCREASE 
LOADS TO 4 24% 


FATIGUE ; 26% 
FAILURE 


LOADS TO =o =7500 PSI 
RUTTING JE(SG) =5,000 PSI 
FAILURE =10, 


E(SG) =5,000 PSI 
E(SG) =10,000 PSI 


70,015 


E(SG) =5,000 PSI : 102,686 
E(SG) =10,000 PSI 149,389 


LOADS TO jE(SG) =2,500 PSI 
RUTTING [E(SG) =5,000 PSI 
FAILURE JE(SG) =10,000 PSI 


70,392 
E(SG) =5,000 PSI 95,687 
E(SG) =10,000 PS! 


E(BASE)=30,000 PSI 


TIRE PRESSURE a 70 PSI 100 PSI 
126,378 


E(SG) =5,000 PSI 165,020 
E(SG) =10,000 PSI : 218,928 


24,476 
270,270 


RUTTING AVERAGE =| 19,059] 5%] 70,908 
FATIGUE AVERAGE = 71,561 171,650 


NOTE: E(BASE) = AGGREGATE ELASTIC MODULUS 
E(SG) = SUBGRADE ELASTIC MODULUS 
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Appendix |: Effects of Lower Tire Load on Rutting Failure of Asphalt Concrete 
Roads 
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Appendix K: Effects of Lower Tire Load on Fatigue Failure of Asphalt Concrete 
Roads [E(ac)= 1,000,000 psi] 
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Appendix L: Effects of Lower Tire Pressure and Tire Load on Fatigue Failure of 
Asphalt Concrete Roads [E(ac)= 1,000,000 psi] 
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Appendix M: Effects of Lower Tire Load on Fatigue Failure of Asphalt Concrete 
Roads [E(ac)= 1,000,000 psi] 
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Appendix N: Effects of Lower Tire Pressure and Tire Load on Fatigue Failure of 
Asphalt Concrete Roads [E(ac)= 1,000,000 psi 
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